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ledged for above a century paſt, and much 
12s been written in order to explain this 
doctrine; . Vet khere are ſeveral things re- 

0 lating to it which have not been, hither- 
to, 0 for in ſo ſatisfactory a man- 


ner, as to render any farther inquiry int 


them altogether ſuperfluous : andiof this 


kind, we e is the motion * the oy 


fluids in the ſmaller veſſels. yo 
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Motion of the Fluid. 


Tur grit c who embraced the Har- 
wean doctrine ſeem to have aſcribed the 


whole of the circulation, both in the arte- - 


Ties and Veins, to the force of the heart *, 
But Borelli, in whoſe time it was believed 
by many, that the arteries and veins were 
not continued canals, but divided by an in- 
termediate ſpungy ſubſtance, plainly ſaw, 
"that, in this caſe, the blood could not be 
conveyed into the orifices of the naſcent 


veins, by any force of the arterial fluids, 


puſhing it forward; and, therefore he ſup- 
- poſes it to enter them in the ſame manner as 
the particles of water inſinuatæ themſelves 
into a ſpunge or other porous ſubſtance: 
but as, in his days, the phenomena of capil- 
lary tubes were very little known, and the 
reaſons of them not at all underſtood, tis 


no wonder chat, after declaring attraction to 


be an impoſſible thing, b he aſcribes the above 
. to the gravity of the fluid itlelf + 
nor does he ſeem to have been ſuffictentl 


; arg, chat, after water has riſen to a de- 
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5 * 355 Walact 5 ad Partholio: De: mata chyi 
er ſanguinis, : 


9 1 Borelli De met. wand: an N. prop. 32. 
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terminate height i in ſmall tudes; or a certain 
quantity of it has been received into porous 


bodies, no more of it will enter into cnn 


ottheſes: 35: 

D Pircalxx, in his Diſfrtatios de Circula- 
tione ſanguinis per vaſa minima, after ſhewing 
that animal ſecretion cannot be perform 
edi hy means of ferments in the glands, or 
by theſe bodies acting as filtres, endeavours 
to prove, that the various ſecretions from 
the blood are intirely owing to the different 
diameters of the ſecretory veſſels: but he 
makes it no part of his inquiry, by what 
powers the fluids are puſhed through theſe 


veſſels. However, that there might appear 


no difficulty in the motion of the fluids 
thro” even the ſmalleſt tubes of the body, 
nor any. ſuſpicion of their ſtagnating in 
them; we have lately been told, that the 
blood moves more quickly in the ſmaller 
than in the larger veſſels; an aſſertion ſo 
inconſiſtent with the laws of hydraulics, 
when applied to the animal frame, that it 
could ſcarcely have been expected to have 
dropt from the pen of. a writer much leſs 
noted- than Dr Hoffman *,  _ 

„ Bur, 
Frederic. Hoff. ſyſt, med. I. 1. Fr, c. vi, No. XVII. 
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Bur, how eafy ſoever it may have ap- 


peared to ſome authors to account for the 


motion of the fluids in the ſmall veſſels of 
animals, yet whoever impartially conſiders 


the reſiſtance that a fluid, moving through 
the aorta and all its branches, muſt meet 


with from friction, which increaſes as the 
diameters of the veſſels decreaſe, and adds 
to this the mutual attraction and coheſion 


between the particles of the fluids and the 
ſides of the veſſels in which they move, 


wall not only ſee that there is, at leaſt, ſome 
difficulty in this matter, but be alfo apt to 


luſpect that neither the force of the heart, 
nor the alternate contraction of the lar- 


ger arteries, is ſufficient to drive the fluids 
through the ſmalleſt veſſels of the brain, 


teſter, and many other parts of the body. 


Ix order, However, to ſet this affair in a 


dlearer light, we ſhall particularly conſider 
the ſeveral cauſes to which the circulation 
of the blood has been commonly aſcribed, 
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Of * E of the heart, Shi pbk of the 
arteries, gravity, and the attrattion of capil- 
Bi. tubes, confidered as cauſes of the fre 
lien Yi the of mots in the A veſſels of animals. 


Tu E principal b which pibpem che 
blood through the body, is, without doubt, 


the contraction of the heart: let us then, 
firſt, inquire how far this may be ſuppoſed 
ſufſicient to account for the motion of the 
fluids in the very ſmall veſſels of animals. 


Ir the force with which the blood is 


thrown; by the left ventricle of the heart, | 


into the aorta; be ſuppoſed equal to the pref- 
-fure of a column of blood 90 inches high; 


the momentum of this fluid in any artery will 
be found, by multiplying the area of the 


tranſverſe ſection of that artery into go, 
the height of that column of blood whoſe 
e e een, equal eee 


eo vd bebt! As 3 ieee 


Dr Haler, Ah a variety of experiments made on 
1 dogs, ſheep, and other animals, thigks j it proba- 
ble, that the blood Would riſe ſeben feet” and an half, 
or go inches, in a tube fixed into the carotid artery of a 
midqle-ſiced man., Statical Edays, vol. 2. P. 4% 
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force of the heart: for the product gives 
the number of cubic inches or parts of a 
cubic inch of blood, whoſe weight is equal 


to the preſſing power with which the blood 


is driven by the force of the heart into 
that artery. 

Tux diameter of 3 el \ obule 
of blood, has been generally — * ſome- 
thing leſs. than t part of an inch; but 


Dr Martine has, from Lewenhoect's e 


later obſervations, ſhewn it to be er 


part of an inch *; and Lzwenhoeck has ob- 


ſerved, that one of theſe globules is ſome- 
times obliged, in paſſing through a very 


{mall capillary artery, to change its figure 


into an oblong ſpheroid, ſo that the diame- 
ter of fach an artery may be ſuppoſed near- 


ly equal to that of a red globule. If then, 


for the fake of more eaſy computation, we 


ſuppoſe the diameter of a red capillary ar- 
tery to be equal to e part of an inch, 
the area of its tranfverſe ſection will be 


0.000 000 196, and this multiplied by 90 
gives 0.000 0176 parts of a cubic inch — 


* PAK ; amounts to 0.00466 or _1 


= Ty 
abe Medical Anny vol. 2. art. vi-. 


in the Small Veſſels. - 7 


part of a grain; and is equal to the mo- 


ment of the blood, ariſing from the preſſing 


force of the heart, in a capillary artery, 
whoſe diameter is nee part of an inch, 
upon the ſuppoſition that there were no 


loſs of motion from friction, and that the 


areas of the tranſverſe ſections of all the ca- 


Pillary arteries in the human body were e- 
qual to that of the aorta: but fince this is 
not the-caſe, and the areas of the former 


greatly exceed that of the latter, the mo- 
ment of the blood in a capillary red artery 
will fall very wars age of our e er 
tion. * 32 

To illuſtrate this; let us ſuppoſe a pipe 


Aof an inch diameter, to be divided into 
feveral branches; and at laſt to terminate in 
loooo ſmall tubes a, a, a, a, &t. each IM. . 


part of an inch in diameter; the ſum of the 
areas of whoſe tranſverſe ſections is equal 
to that of A. If a fluid be puſhed through 


| $i a ſyſten of veſſels,” with any (given 


OY 


4.3014 927305 36:19. ni nee, 


* A 2b * F warm eb is Kekohld by We 


266, and by others a little more than 267 grains: but 
Dr Martine ſeems to have fixed it pretty accurately 
at 2642; and, for the fake of even numbers, I have 
ſuppoſed it to be 265 grains, 2808 
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force, the velocities in the ſmall tubes 
4, a, a, a, &c. will be equal to the velocity in 
A; and their momenta; mm, man, Oc. all ta- 
ken together, will, bating friction, be juſt 
equal to the momentum M in the large trunk 
A. i. e. m; 10000=M,, or s But 
if another pipe Bof the ſame diameter with 
A be divided fo as to terminate in 300000 
{mall tubes 6,5, ö, hö, c. each g part of an 
inch diameter; then, although a fluid be 
puſhed through the two trunks A and B 
with the ſame velocity, and conſequently 
the momentum in them be equal, yet the ve- 
locity in any one of the ſmall tubes a, a, a, 
c. will be to the velocity in any one of 
; «the (correſponding. tubes b,b,h,.&c. as 30 
co , and conſe en err ee paul 
eee E t 909 
Da KEIL I, e by 1 the: ar- 
Mines of the human body, fixed the propor- 
tions of the branches to their trunks after 
every diviſion, lays downa method. for cal- 
.culating in what degree the velocity of the 
blood in the different arteries is affected by 
the increaſe of the capacity of the veſſels 
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this computation, it will be found, that the 


diameter is "7 PSU part of an inch, ought to 
be to its velocity in the aorta, as 1 to 345 
and conſequently the moment of the blood 
in ſuch an artery muſt be 345 X 345 
19025 times leſs than we have computed 
it above, i. e. πτπ,t 1190 f 4s 


part of a grain; And ſince a globule of 
red blood weighs nearly 4; part 


or preſſing forck of ſuch a globule in its 
capillary artery, ariſing from the impul- 
ſion of the heart, does not exceed twice 
its on weighgt. Zoe o: 
Bor even this moment, koweren ſmallit 
may appear, muſt be diminiſhed by fric- 

tion: the preciſe quantity of which, all 


muſt be very conſiderable; wil — 


FR appear from what follows. 
TT 1. Ir two pipes of equal lengths, whoſe 
rk diameters are 3.7.2 and g parts of an 


inch, be, one after another, ſcrewed into 
the kde of a veſſel at the perpendicular di- 


* ſtance 
* Edinburgh Medical Effays, vol. 2. art. vii. G xi. 


of a grain , it follows, that the moment 


though it may perhaps be difficult, with 
any certainty, to determine; yet that iʒt 
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nee of — from the top of the wa · 
ter, and laid parallel to the horizon, the 
large pipe will diſcharge 1 79, and the ſmall 
pipe 6: ounces of water, in half a minute. 
Hlence the velocities of the water in theſe 
to pipes muſt have been as 1293 and 
a 756 and, were it not for the inquality of 
the reſiſtance of the air, the velocity in 
the large. pipe would have been. ſtill 
greater, and the velocities in the two 
pipes pretty nearly as the Nauneregen of 
their reſpective diameters :e. 
HxxNcE, if we could ſuppoſe a 8 
der, of g part of an inch diameter, 
to go off directly from the beginning of 
the aorta, without any intermediate branch- 
ings, the velocity of the blood in it would 
be (ceteris paribus): to the velocity of the 
blood in the aorta, nearly as + _£- the 
diameter of the capillary 1 is to alba the di- 
ameter of the aorta, i. e. as 1 to 37-4; and 
4 conſequen tly the moment of a ſingle glo- 
bule in ſuch a capillary artery would be 
to its moment in the aorta, as 1 to 1398. 
2. Bor further, the loſs of motion from 
frition depends not OO upon the ae; 
neſs 
8 Robioſon' 5 animal cconomy, prop. 1. exp. 8 


inthe Small Nei. 'rt 


neſs of the veſſels, but alſo upon their di- 
ſtance from the heart: for, if two cylindri- 5 
cal pipes, whoſe common diameter is 3.45” 
parts of an inch, and whoſe lengths are 
2 and 8 feet, be ſere ed into the ſide of a 
veſſel fall of water, at the diſtance of four 
feet from the top; the quantities diſchar- 
ged in half a minute, will be 97 ounces by 
the long pipe, and 175 ounces by the ſhort 
one. Hence the velocities of the water in 
the two pipes were as 97% and”17; {6 
that, by the greater quantity of friction in 
the n the water Wes above er 
its velocity. 1 

3. Ad RAIN. the e be che blood 
will be different according to the different 
angles at which the branches go off from 
their trunks; and the various flexures and 
convolutions of the fmall arterial ramifica- 
tions muſt increaſe the friction in them; 
and conſequently retard the motion of the 
blood conſiderably. This ſeems to be con- 
firmed by an experiment of Dr Hates ; from 
which it appears, that the velocity of the 
blood in the ſmall arteries decreaſes in a 
greater PEER than it ought to do oy | 
, Robiſon" 5 animal 557 prop. 7. exp. I, 
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the above mentioned experiments made 
with ſtreight cylindrical pipes; for, having 
ſlit up the inteſtines of a dog from one end 
to the other, on the fide, oppoſite to that 
where the blood veſſels enter them, and fix- 
ea braſs tube into the deſcending aarta, he 
found that, with a preſſure equal to the force 
of the heart, only ; of the water paſſed 
in a given time through the ſlit arteries of 
the guts that lowed through the meſente- 
rics when cut over juſt at their entry into 
the inteſtines; notwithſtanding that the a+ 
rea of the orifices of all the former exceed- 
ed that of the latter, and that the diame- 
ters of the cut meſenterics did not exceed 
four times the diameters of the cou nr 

ging flit arteries of the guts e. 
Fon what has been ſaid it may appear, 
that the velocity of the blood will not be 
the ſame in all the arteries of the ſame dia- 
meter, (as ſome have fondly imagined, and 
been at no ſmall pains to prove), but will 
be greater or leſs, according to their di- 
ſtance from the heart, the exceſs of the a- 
reas wick; the cet ae their trunks, 
| the 


£34; 4 * - 1 letz: 
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© Wthe angles at which they go off, and the 
3 number and degree of their flexures.. 
4 AGREEABLE to this, Dr Hales obſerved, 
chat, in a capillary artery of the lungs of a 
frog (where the diſtance from the heart is 
© but ſmall, and where the exceſs of the area 
e of all the branches above their trunk, is 
d not near ſo great as in the other parts of 
f IF the body), the blood moved forty three 
times faſter than in a capillary artery of 
a IF one of the muſcles of the abdomen* : and 
it is probable that, next to the lungs, the 
„blood moves quickeſt thro! the veſſels of 
: the heart. In conſequence of this quick 


ve ſuppoſe animal heat to ariſe from the 


T: friction of the blood on the ſides of the | 


'; veſſels, or from an inteſtine motion among 
its ſmall particles, that, ceteris paribus, 


more heat muſt be generated in the langs . 
d. WF and heart chan any where elſe; and hence 
che neceſſity of continual ſupplies of freſh 


air to cool the blood in its paſſage through 
the pulmonary veſſels. Nor is this opinion 


* Statical n vol. 2. p 68. 
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circulation, it muſt be evident, whether 


founded in theory alone; for. upon trial, 
it will appear, that the e heat in 


107 B any 
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133 
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which it muſt have ſuſtained es friction in 
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any animal is, almoſt always, about the 
heart. In a jackdaw, the heat below the 
wing made the mercury in my thermo- 
meter riſe ' to 104 degrees of Farenheit's 
ſcale; within the inteſtinum rectum, it roſe 
to 1074; and, when applied to the heart, 
it reached 109. And agreeably to this, I WW «| 
have found-the heat in a pigeon's heart a- 


n rectum. 

-Uron' the whole, if the moment af a 
ſingle red globule of blood ariſing from the 
preſſing force of the heart, does not in its 
capillary artery, even bating friction, ex- 
ceed twice its own weight or 274738 
part of a grain; and if that loſs of motion 


its way from the heart thither be conſi- 
derable, as one may reaſonably conclude 
from what has been advanced upon this 
head; it will follow, that the real remain- 
ing force of ſuch a globule, when it ar- 
rives at à fed capillary artery, may pro- 
bably fall ſhort of its own weight. and 
muſt be ſo extremely fmall, that it can 
r 2800 be mn ſufficient to over- 
come 
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come the reſiſtiãnce it muſt meet with, in 
paſſing through a veſſel by which it is. 
cloſely embraced on all ſides, although 
the anterior fluid in the e veins: 
were no obſtacle in its way. 
I deſire it may be here . that 
the above calculations are by no means in- 
tended as demonſtrations, but rather as 
illuſtrations, i in the preſent argument con- 
cerning the force of the blood in the 
ſmaller veſſels; and, allowing that by 
them the moment of a red globule in its 


capillary artery comes out too ſmall, ei- 


ther from our having, with Dr Hales, 
rated the force of the left ventricle of the- 
heart too low, or, with Dr Reil, the num- 
ber of branchings of the arteries, and the 
proportion they hear to their trunks, too- 
high; yet it muſt be evident, that the force 
of the heart muſt be iniuficient to puſſi 
the fluids thro? all the inferior orders of 
veſſels; or, which is the ſame thing, that 
the left ventricle of the heart does not, by 
its direct projectile force at every con- 
traction, puſh on and move forward the 
whole circulating fluids in all * veſſels 
of the body. 


| B 2 Dx 
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-Dx HaLts obſerved the blood's motion 
to be accelerated by every //tole of the heart, 
not only in the ſmall arteries, but alſo in 
the naſcent capillary veins of the lungs 
of a frog *; and Lzwenhoect affures us he 
has ſeen the ſame thing in other parts of 
various animals: ſo that it is not to be 
doubted, that the projectile force of the 
heart reaches at leaſt as far as the capillary 
arteries of the firſt order, nay, is proba- 
bluy continued, for ſome ſmall way, along 
their © correſponding veins ; eſpecially 
- when theſe are not far from the heart. 

Bor that the moment of the blood in 
the red capillary arteries, at any conſider- 
able diſtance from the heart, muſt be 

very ſtnall, will appear from an obſerva- 

tion of Dr Hales ; according to which the 
velocity of the blood in one of theſe ar- 
teries in the addomen of a frog, was near 
goo times leſs than the equable velocity 
of this fluid in the acta of a man +; and 
_ conſequently 2.6 times lefs than we have 
computed it to be in a human red capil- 
lary : wherefore the exceſs of the mo- 


* Statical Eſſays, vol. 2. p. 69. 
+ Statical Eſſays, p. 47. and 68. 
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ment o a red globule, in ſuch an artery 
of a frog, above the reſiſtance it had to 
overcome, only amounted to 7777488 8 8 
part of a grain, and ſo muſt have fallen a 
good deal ſhort of + of its own weight; 
ſuppoſing. the globules of red blood in a 
man and a frog to be of the ſame magni- 
tude, which does not ſeem. improbable *.. 
Ir then the remaining moment of a red 
globule in its capillary artery, after having 
overcome the reſiſtance of the anterior 
blood in its correſponding vein, does not a- 
mount to ; of its own weight; it muſt be 
evident, that the ſerous and ſmaller glo- 
bules which move along with the red ones 
muſt he applied, by the projectile force of 
the heart, to the orifices of the lateral ſe- 
rous arteries. with a very inconſiderable 
force: ſuch a one, ſurely, as will be far from 
being able to puſh theſe fluids through the 
ſerous, lymphatic, and, for any thing we 
know, many more inferior orders of veſſels. 
Bor, to ſet this matter in a ſtill ſtronger 
light, we ſhall, upon the principles above 
laid down, endeavour: to inveſtigate the 
forceof the heart at the origin of the nerves. 


B 3 LEWENHOECK. 
wo Med, Eſſays, vol. 2. art. vii. 9 v. 
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n telldn;thathe diſcovered: 
veſſels in the cortical part of the brain, 
which could not. admit a globule whoſe 
diameter was ges part of an inch *; 

and he obſerved the fibres of its netullary. 
ſubſtance to be either quadrangular or hex- 
angular: whence he concludes, that they 

muſt be compoſed of ſmaller. fibres, whoſe, 
extreme minuteneſs made it impoſlible for 
him to diſcover any thing of their figure, 
nor does he think they can ever be _ 
diſtinctly. by human eyes 4... 

Dx PozTERFIELD has, indeed, fron 3 an 
experiment of Dr Hast, computed the dia- 
meter of a ſingle nervous fibre to be 5 
part of an inch .: but, as the beſt micro- 
ſcopes have never been able to diſcover any 

cavities in the nerves, tis certain, that, if 
they are hollow tubes at all, the diameter 
of their cavities muſt be a great deal leſs 
than this, and perhaps fall ſhort of 3 88 
part of an inch; for a microſcope, which 
magnifies the diameter of an object g00 
times, would, upon this ſuppoſition, make 
the cavities of the ner ves appear n to a 


point 


ee 


* 


mne .. a. ld 


De ee p. 35. + Epil. 34. 
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en mis jo + » 


in the ſmall. Veſſels. 19 ; 


point whoſe diameter is 25 part of an | 
inch, which is an object that may be diſco—- 
vered by a good eye. Lewenhoeck, tis true, 


towards the end of his days, and when 
turned of eighty years, pretended oftener, 
than once to have ſeen cavities in the 
nerves very diſtinctly. But it happens un- 
luckily for this diſcovery, that no body has. 
been able to confirm it ſince his death: nor 


could he, when alive, though he ſaw theſe 


cavities himſelf, ſhew them to any one 


elſe; as appears. from the following paſ- 


ſage in his 32d epiſtle: Id unum in hoc ne- 
gotio male me habet, quod cavitates illas nemini 
poſſum conſpicuas exhibere ; nam ſimulac illas 


oculis meis examinandas admoveo, ilico.et minuta. 


citius per exfucationem conſidunt. But if the 
ultimate fibres of the medulla oblongata were 

ſo fine that he could diſcover nothing of - * 
their ſhape or figure, as he himſelf confeſſes; 


it will not be thought probable that he could 
diſcover the cavities of the nerves, which 
ſeem to be a production of theſe, and at 

leaſt equally. ſubtile with them. 
Bur, leſt any one unaccuſtomed to ſpe- 
lations of this kind ſhould: think the 
motion 
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motion of a fluid through ſuch vaſtly ſub- 
tile veſſels as the nerves almoſt impoſſible, 
let him reflect a little on the infinite diviſi- 
bility of matter, and particularly on the 
extreme ductility of gold, Which may be 
drawn over ſilver ſo as the thickneſs of the. 
_ ſkin of gold (in which however the beſt 

microſcope cannot diſcover the ſmalleſt 
pore) ſhall not ue to n Part 
of an inch; i. e. „ part of what we ſup- 
poſe the diameter of the cavity of a nerve 
may be: ſo that the particles of ſuch a leaf of 
gold ſwimming in a fluid might paſs more 
ceaſily through the nerves, than a ſingle 
globule of red blood does nh its ca- 
pillary artery. 

FURTHER, a ſoap- bubble, ben 1 mana- 
ged after Sir 1/aac Newton's method, exhi- 
bits, juſt before it breaks, a black ſpot up- 
on its ſuperior part; the thickneſs of which, 

according to his theory of light and colours, 
fcarcely exceeds g part of an inch. 
Hence we- ſee, that a fluid compoſed of 
ſoap and water may be divided, by human 
art, into parts whoſe diameter is fifteen 
| times leſs than that — we have aſſign- 
ed: 
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ed to the nerves ;/ and condapurntiy that 
ſuch a colhpotidd! fluid might ly paſs 
through their cavitie. 

LET us then ſuppoſe the diameter of che 
cavity of a nerve to amount to 2 
part of an inch, and the area of its tranſ- 
verſe ſection will be  0.0000000000196; 
which multiplied into 90 (the height of a 


column of blood whoſe weight is fuppoſed - : 


equal to the preſſing force of the left ven- 
tricle yen the Pro gives of oe 


the 1 moment of the auen its at che 
origin of the nerves, ariſing from the im- 
pulſive force of the heart, if there were no 
loſs of motion from friction, and if the 
area of the tranſverſe ſection of the aorta 


were equal to the area of the tranſverſe 


ſections of all the extreme capillary veſſels, 
in which the numerous branches and ra- 
miſications derived from the aorla at laſt 
terminate. But, if we conſider how great- 
ly the latter muſt exceed the former, and; 
upon Dr Ke{'s' principles, enter into a 

computation of the effect which this muſt 
have 
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have upon the motion of the nervous 
fluid; we ſhall find, that its velocity will 
be to that of the blood in the aorta ncar - 
ly as 1 to 20000; and conſequently the 
moment of the nervous fluid, ariſing from 
the protrufive force of the heart, will 
be only equal to I OFODEXTIBED GEE 
rr TS NIS NSC of a 


Ir we imagine a ſphere to be pete 


of the particles of the nervous fluid, whoſe 
diameter is equal to the diameter which 
we have aſſigned to the cavity of a nerve; 
then, taking its ſpeciſic gravity to be the 
lame with that of water, its weight will a- 


mount to 1557535757577 Part of 2 
grain, i. e. near 19 times more than the 


force with which it is puſhed forward by 
the contraction of the left ventricle of the 
heart, even upon the ſuppoſition that it 
had met with no reſiſtance from friction in 
its paſſage through the ſmall veſſels of the 
brain. Hence the momentum of a ſmall 
ſphere of animal fpirits in'a nerve, is 38 
times leſs in proportion to its weight, than 
the moving force of a globule of red blood 


in its * artery. And the difference 


of 
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of their forces will be Kill greater, in, pro- 
portion to the reſiſtance which each has to 
overcome; ſince the reſiſtance to the mo- 
tion of a fluid, from friction, muſt be, ceteris 
daribus, as much greater in the nerves than 
in the red capillary arteries, as the diame- 
ter of the latter exceeds the r oa of 
the former. 

Bur further, ſince the Ser any ca- 
pillary is, the more will the motion of a 
fluid be retarded, and conſequently its force 
be diminiſhed in it; tis eafy to ſee that in 
the nerves, whoſe (cavities are ſo incon- 
ceivably ſmall, but whoſe length is gene- 
rally very conſiderable, ' the force of the 
Heart, which we have ſhewn to be ſufpri- 
ſingly little, muſt: be altogether unable to 
overcome the friction, nay even the mu- 
tual attraction of coheſion bet wixt them and 
their fluid, and, conſequently, be of itſelf, 
and when unaſſiſted by any other power, 
wholly infuffieient to propell the animal 
ſpirits to all the different parts of the 
body. And this, even upon the ſuppoſi- 
tion that the nerves were continued direct · 
x ee x bo extremely minute capillary ar- 
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teries: but, if we conſider how much the 
force of the blood muſt be broken in paſ- 
ſing through the infinitely convoluted and 
amazingly fine veſſels of the cortical part 
of the brain, together with the follicles in 
which theſe are 1magined, by ſome, to ter- 
minate; what we have been contending 
for, will appear ſtill more evident. 
- LasTLy, the above reaſoning receives 
additional weight from thoſe experiments 
which ſhew that the brain may be nouriſh- 
ed, perform its office, and afford ſufficient | 
ſupply of ſpirits for carrying on all the vi- 
tal and animal functions, although the 
blood is puſhed by the heart into its veſſels 
with a great deal leſs force than uſual. Thus 
the illuſtrious Baron Van Swieten informs 
us, that he tied both the carotid arteries of 
a dog without any obſervable harm to him; 
on the contrary, he continued twelve days 
healthful and lively: after which time he 
opened his ſkull, but could diſcover no- 
thing praeternatural in the brain“. Now, 
as in this dog the brain could only be ſup- 
plied by the vertebral arteries. which ino- 
HR with the carotids, the velocity, and 
* cConſequently 
. Comment, in Boerh. aphor. . 1. p. 266. 
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conſequently the moment of the blood 


3 muſt, at the ſame: time that it was conſi · 
d erably leſſened in the ramiſfications of 
rt che former, have been ſo remarkably di- 
Wo miniſhed in thoſe. of the latter, by reaſon 
r. of the ſmallneſs of the branches with. which 


they communicate, compared with the 
trunks of the carotids, as to ſne beyond 
es doubt, that the ſecretion of the nervous 
ts fluid, and its derivation to the ſeveral parts 
h- of the body, do not depend ſo much upon 
nt the force of the heart as has been general- 
i- Wy. imagined, but muſt be, in a great mea - 

ſure, owing to ſome other cauſe. 
_Havixe ſhewn how inconſiderable the 
oment of the fluids ariſing from the pro- 
jectile force of the heart muſt be, in the 
inferior orders of veſſels, and particularl7 
at the origin of the nerves; we come now ' 
o take a view, ſomewhat different, of the 
matter, and to compare the real force of 
the left ventricle of the heart with the ob- 


ard the whole circulating fluids in all 
he arteries and veins of the n 4 
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ſtacles it has to overcome, upon the ſup- hy x 
poſition that at each e it puſhes for- 
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BoRELLI computed the reſiſtance which 
the blood meets with in circulating through 
all veſſels of the human body, to be equal 
to 180000 pounds weight“: but though 
this be over- rating the matter very much, 

yet, after all the abatements that can be 
reaſonably allowed, there will remain a re- 
ſiſtance by much too great to be overcome 
by the force alone of the left ventricle of 
the heart; a force which cannot, in man, 
amount to above 60 pounds weight r, as 
far as can be gathered from the lateſt and 
beſt experiments which have been made 
on other animals, in order to determine 
the preſſing power of their heart. Yet, in- 
cConſiderable as this force is, it is not to be 
regarded as that which is communicated 
to the blood in the aarta, but only as the 
preſſure or weight ſuſtained by the whole 
internal ſurface of the left ventricle of the 
heart juſt when it begins to contract; and 
the force with which the blood is impelled 
into the aorta, will (ſince fluids preſs e- 
qually undequaque) bear no greater propor- 
tion to eee Eve e orifice of 


the 
be . part. 2. prop. 73. 
+ Dr Hales makes it only 51 pounds, Statical Ef- 


ſays, vol 2. Pp. 40. 
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the aorta does to the whole internal ſurface 
of the left ventricle of the heart; i. e. ſup- 
poling the area of the orifice of the aorta 
bh 0. 5 of 2. ſquare inch, and the internal ſur- 
face of the left ventricle=1 5 ſquare inches *, 
as 1 to 30; and therefore the force with 
which the blood is puſhed into the aorta 
muſt fall ſhort of z of 60 pounds weight. 
Hence a reſiſtance. in the aorta equal to 
two pounds, will require a force of above 
60 pounds exerted by the' whole internal 
ſurface of the left ventricle of the heart to 
overcome it: from which it follows, either 
that the reſiſtance to the motion of the 
blood in the aorta and all its branches and 
ramifications muſt beleſs than two pounds, 
that the protruſive force of the left ven- 
tricle of the heart alone, is unable to drive 
the blood through all theſe veſſels, and 
conſequently inſufficient, without the aſ- 
ſiſtance of ſome other power, to ea on 
the circulation. 

Ir any one ſhould, on this i have 
recourſe, with the learned Borelli, to the 
vis percuſſionis, we need only obſerve, that 
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the force of the heart is evidently not a 
percuſſive, but a preſſing one; ſo that, al- 
though the leaſt percuſſive force may be 
greater than any finite quieſcent reſiſtance, 
vet this will not hold true of a preſſing 
force, which, in order to have any ſenſible 
effect, muſt be greater than the reſiſtance 
it has to overcome: to ſay otherwiſe, is to 
affirm that, with the preſſing force of one's 
hand, the greateſt mountain might be 

moved out of its place.” ee. 
Nox is Dr Neill's account of this matter 
more ſatisfactory, viz. that, the blood be- 
ing once put in motion, a very ſmall force 
in the heart may be ſufficient to keep it al- 
Ways in this ſtate: for this force muſt be 
equal to the loſs of motion ſuſtained by 
the blood in every circulation, and conſe- 
quently to the reſiſtance which this fluid 
meets with in its paſſage thro” all the veſ- 
tels of the human body] a reſiſtance by far 
too great to be balanced by the few ounces 
to which the Doctor has reduced the force 

i ot the left ventricle of the heart“. 

Bor that the foundation upon which 
Dr Non proceeds is falſe, and that the heart 
can 
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can really communicate a new motion to 
the blood when the old one is in a great 
meaſure loſt, and after all the fluids have 
been for ſome time almoſt entirely at a 
ſtand, is evident from the. recovery of peo- 


and from the revival of the ſleeping ani- 
mals, which are, in appearance, dead all the 
winter-ſeaſon. But further, ſince the blood, 
when it returns to the right ventricle of 

| the heart, has ſcarce 23 of the force with . 
er WW which it was thrown into the aorta, tis 
e: plain that it acquires, every circulation, 
ce of its force in paſſing W : 
al- and lungss. 

be Tus much being ſaid to Gow that the 


ple who have lain for ſome time in a/yncope, ' 


by force of the heart is, of itlelf, not ſufficient l 


(6. to carry on the circulation, we ſhall next 
ia briefly conſider the alternate contraction of 
ef. WY the aorta and its branches, which has been 
Fir WY juſtly reckoned among the * cauſes of 
esche motion of the blood. 
ce Tux blood thrown out at every hy ole by 
the left ventricle of the heart, is not in- . 
ch ſtantly tranſmitted through the capillary 
art arteries into their COPE veins, but 
an C3 the 
| 's Haler's Statical Eſſays, vol. 2. 
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| the greateſt part of it is accumulated in the 
__now-dilated arteries, and is, during their 


ſucceeding contraction, conveyed on thro? ' 


the ſmaller veſſels. This contraction how- 


ever of the arteries may, perhaps, be conſi- 


' dered, rather as a - continuation of the 
heart's force, than as any new power im- 
preſſed on or communicated to the blood; 
ſince it does not appear that the arteries 
contract with a greater force than that hy 
which they were dilated. But, whatever 
may be the force with which the aorta and 
its branches reſtore themſelves, we know 
certainly that it is leſs than the ſyſtolic 
power of the left ventricle of the heart; 
decauſe the blood is obſerved always to be 
projected to a greater diſtance from a cut 
artery during its diaſtole, than in the time 
of its ale. Whence it follows, that, if 
the force of the heart is inſufficient to ac- 
count for the motion of the fluids through 


the inferior orders of veſſels, the alternate 


contraction of the muſcular coat of the 
aorta and its branches muſt be ſo likewiſe, 


It is, however, to be obſerved, that the ſan- 


e arteries, whoſe numerous branch- 
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es are diſperſed every where thrbvhK the 
body, muſt not only, by their alternate 
contraction, contribute to puſh forward 
their eontained fluids, but alſo, by their 
dilatation, ſo compreſs the inferior orders 
of veſſels; as ſome what to promote the mo- 
tion of the fluids in them *. I ſhall only 
add on this head, that, as the alternate con- 
traction of the arteries depends intirely up- 


on their preceeding dilatation by the heart, 


ſo, in the ſerous and inferior orders of ar- 
terial veſſels, to which the projectile foree 
of the heart ſeems not to reach, there is no 
ſuch alternate dilatation and contraction to 


be:obſervedi4.to ff 145 Cour er il! 


WITH reſpect to eabieyz elch ſome 
have reckoned: among the cauſes promo- 
ting the circulation, jit is ſufficient to ob- 


ſerve, that in a horizontal poſition of the 


body, it can have no eſſect; and, in an e- 
rect one, it muſt retard the return of the 
blood by the vena cava inferior, as much as 
it promotes its motion downwards in the 
aorta and its branches. | 
N | Tv 
Vid. Edinburgh. Medical Eſſays, vol. 5. P. 2. 
edit. 3. p. 39. where this point is well illuſtrated by 


the ingenious Dr Gilchriſt 


+ Lewenhoeck, epiſt. 65. p. 167. 
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Tatxst is ſcarcely any thing that will 
ſooner or more naturally ſtrike the mind of 
one who inquires into the cauſes of the 
motion of the fluids in the very minute 
_ veſſels of animals, as well as vegetables, 
than that ſurpriſing power of attracting li- 
quors which capillary tubes are endowed 
with. But although the attractive power 
of capillary tubes may aſſiſt us in account- 
ing for the imbibition of fluids by the veſ- 
ſels commonly called abſorbents, as weſhall 
_ afterwards have occaſion to ſhew; yet it 
muſt appear evident to every one ac- 
quainted with the phenomena of theſe tubes, 
that this attraction can be of no uſe in pro- 
moting the circulation of the blood in the 
capillary arteries and veins: fince theſe 
veſlels are always full; or, if they were 
not, the fluids would be determined by it, 
equally backward towards the erf arte- 
ries a to the veins. 


in the n h 33 
| 5E G . . 
That ths vi ene motion of the foal eſe 
of animals is the principal cauſe Penis 
N er Po: _ et Did rag 
Having ſhewn the TOY be f the 
powers already mentioned to account for 
the circulation of the fluids in the very 
all ſmall veſſels of animals, we ſhall now pro- 
it i ceed to explain what we imagine to be the 
c- MW principal cauſe of this circulation: 
s, MM ArTrHoven, as has been obſerved above, M 
o- ¶ the regular alternate pulfation of the arte 
ae ries does not extend beyond the capillaries 
ſc ¶ of the firſt order, except, perhaps, in place 
re very near the heart; yet we are not to con- 
t, ſider the ſerous, pate and other {bil 
-- WH fmaller veſſels, as unactive canals no ways 
contributing to promote the circulation of 
their different fluids: on the contrary,” it 
ſeems highly probable, that theſe veſſels 
\ are continually agitated with very ſmall al- 
5 ternate contractions, to which the circula- 
tian in wen is, in a e e Ging. 
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Maxx phyſiological writers "VN Can 
ſed an oſcillatory motion in the ſmall veſ- 
ſels of animals *; but few have ſaid any 
thing atisfactory concerning the cauſe of 
this motion. Baglivi ſuppoſed the mem- 
branous parts of the body to derive their 
oſcillations from the dura mater ; and the 
vaſcular ſyſtem and fleſhy. fibres, theirs 
from the heart : but, as it 1s now paſt 
doubt that the dura mater has no other mo- 
tion than what ariſes. from the pulſation 
of its own veſſels or thoſe of the brain; 
and as the alternate contraction of the ar- 
teries, depending upon their preceeding di- 
latation by the blood thrown out by the 
heart, has no place in the ſerous, lympha- 
Bs and inferior orders of veſſels; the vi- 
bratory.motions of theſe canals muſt be de- 
duced from ſome other cauſe. - 
Mx experiments and te 
ſhew that the muſcular fibres of animals 
are ſo framed, as to be e excited in- 
. to 
* * Among others, the learned Dr De G Zorter,. in his 

treatiſe De motu vitali, has not only admitted a vital 
_ ofcillatory motion in the ſmall veſſels, but endeavours . 
to ſhew, that, without this, the force of the heart 
would be unable to carry on the circulation, 5 Ivi, &c. 
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0 cotiteaiow by a mut. The ſmall veſ. 
els, therefore, * are endowed. with 
z muſcular coat, as well as the larger ones, 
uſt neceſſarily be agitated with alternate 
ontractions, as often as they are acted up- 
on by any thing capable of gently irrita- 
ing them; but ſuch are the blood and finer 
luids derived from it, which, while they 
owly glide through the ſmall veſſels, ſti- 
ulate their internal ſurface, fo as to ex- 
ite them into gentle but continually re- 
peated contractions. * -4-9Y | 
SoME of the greateſt philoſophers and 
phyſicians, of ancient as well as later times, 
have ĩmagined the blood to be a very ac- 
tive fluid, endowed with uncommon qua- 
lities, and, as it were, the fountain and 
source of life in animals “; nor do they 
ſeem to Have been led into this opinion ſo 


much from any favourite theory, as from 
s experiments and obſervations made on li- 
7 ving and dying animals. But, without 


entering into, much lefs defending, the pe- 
culiar notions of thoſe authors concerning 
che blood, we _ only 7 ae 8 — 

18 1 
* Allos. Hiſtor. animal: ibs 5; cap. 19. rs 
rey De generatione animal, exercitat. li. Iii. et Ixxi. 
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is extremely well fitted to act as a gentle 
ſimulus upon the ſenſible fibres of animals, 
whether we conſider its compoſition, heat, 
or [inteſtine motion; for, whale the ſaline 
and other acrid particles in the blood-ren- 
der it fit to writate the tender veſſels, its 
heat and inteſtine motion keep all its parts 
in a perpetually vibrating ſtate, which 
muſt increaſe their ſtimulating power . 
Agrecably to this, we find, that, in many WF 
inſets and ſome larger animals, the circu- Wh» 
lation becomes more languid as the wea- v 
ther grows colder, and, in the winter-ſca- ti 
ſon, is altogether, at. a ſtand, till, by the 
heat of the returning ſpring, the particles 
of the fluids begin to be briſkly agitated, 
and conſequently the ſolids ſtimulated into 
contraction. Doctor Harvey has long ſince 
remarked, that the hearts of ſeveral ſhell- 
fiſhes are only ſeen to beat in warm wea- 
ther ; and the curious obſervations of 
- Reaumur have ewn us, that the lives of 


Inſects may be e or ſhortened, 
| MOR ELL and 
"POLY an me on the, N and other involuntary 
motions of animals, ſet. 3. | 
De motn lang. cap, xvii. Ha n0f:iH an 
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and made more or leſs active, by expoſing 
hem to different re of heat end. 
old . ALI Gf 

THvus rnicks being laid to ons, that | 
he blood is well fitted to act as a ſimulus, 
we ſhall offer ſome further conſiderations 
to prove, that the ſmall veſlels are, by its 
influence, really excited into n con- 
tractions. And, v1 

1. Wx are led to beds: wh. Git 

what we obſerve in the larger canals and 
veſſels of animals. Thus the ſeveral por- 
tions of the inteſtinal tube are ſolicited in- 
to alternate contractions by the aliment, 
air, and bile, ſtretching their coats and ſti- 
mulating their internal ſurface: and, as we 
imagine an alternate motion in the ſmall 
e veſſels neceflary: to promote the circulation 
of the fluids in them, fo we know certain 
-h. that the periſtaltic motion of the guts 
fis the principal cauſe which conveys: the 
f WW digeſted aliment down towards the a ge. 
„ Nor only the auricles and ventricles f, 
d 
ry 


the heart, but alſo the trunks of the vene 
cave a oining to the right Jenus vengſus, 
; _ © contraftions 

. Hiſtoire TR inſeckes, tome 2. memoire 1. 
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contractions . The trunks of the vene 
cavs preſerve this motion, in animals news 
ly dead, a conſiderable time after the pul- 
fation of the heart has ceaſed; but no ſoon- 
er is the blood contained in theſe veſſels e- 
vacuated, and all new ſupplies intercepted 
by ligatures, than their ſides collapſe, and 
remain without the ſmalleſt motion +: 
whence we are led to conclude, that the | 
alternate contractions of theſe veins are, 
like thoſe of the heart, owing to the blood 
20s upon them as a ſtimulus. | 
IT is generally allowed by phyſiologiſts, 
that the //ole of the larger ſanguiferous ar- 
teries, in which a remarkable pulſation ob- 
tains, is owing, not only to their elaſticity, 
whereby they endeavour ſimply to recover 
themſelves, but partly alſo to a proper 
muſcular contraction of their tendineo- 
carnous coat: and, as this is excited by 
the blood puſhed into them by the heart, 
which, at the ſame time that it diſtracts 
their fibres, gentiy irritates. their internal 
ſurface; 
. Efay on 3 Gc. p. 97. and 364. 
+. Bartholin. epiſt. cent. iv. p. 109. G. 


+ The diminution of the tirengrh of the pulſe in an 
arm that is quite palſied, is a ſtrong proof that ne lar- 


ger arteries act partly by a muſcular power. 
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urface; it ſeems highly reaſonable to al- 


2w, that the ſmaller veſſels, endowed at 
eaſt with equal ſenſibility, muſt be excited 


wy nts feeble but continually repeated con- 
ec Wtractions, rm 
ed akin Huis. 

d FoxTrex, as there are ſome of che more 


e Imperfect animals which have no heart, 
be the circulation in them muſt be owing to 
* he contractile power of the veſſels them 


elves excited into action by the ſtimulus of 
the fluids. And that the veſſels of thoſe 
animals. which, in a natural ſtate, have a 
heart, are endowed with a ſimilar power, 
eems proved by examples of monſters 
wanting a heart orany thing analogous to 
t *, in whom the fluids muſt have circy< 
lated chiefly by the power of the veſlels. 

2. A variety of facts might be mention- 
2d, which clearly demonſtrate an alternate 
ontractile power in the ſmall veſſels of 
mimals, and that this is exerted more or 
leſs according to the:Geyree of irritation 


ene, n "6 
D 1 


© Vid, Van $\victen Comment, in ks Aph. 
ol. 1. p. 256. ; and Hiſtoire de Vacad, des ſciences, 
703 ; & Memoires, 1740, 


SEEBTSETTHAHSTYS: 
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⸗Tuvs, the ſteams of warm ſpirit of wine | 
received into the eyes, not only cauſe a 
greater flow of tears from their veſſels, but, 
in a few ſeconds, produce an artificial in- 


flammation i in them, that is, they make the ; | 


globules of red blood enter the ſerous or 
_ 1 mphatic'veſlels of the conſunctivu. Now, 
as this additional moment of the blood. 
whereby it is enabled to dilate theſe veſſels, 
cannot proceed from the heart or larger 
arteries, ſince their force is not, nor can be 
altered in the prefent caſe; it muſt be 
owing to the extraordinary alternate mo- 
tion excited in the veſſels of the eye by the 
teams of the ſpirit of wine. 

l preſume it will not be alledged, chat 
the vapour of ſpirit of wine raiſes an. ins | 
flammation in the eye, by conſtringing its 
veſſels ſo as to occaſion an obſtruction in 
them, and that this obſtruction afterwards 
produces the inflammation, by leſſening 

the number of veſſels through which the 
blood paſſes, and conſequently increaſing 
its force upon the obſtructed ones: for, 
not to inſiſt on what might be eaſily pro- 


ved, that no obſtruction can ever produce 
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an inflammation except in ſo far as it gives 
riſe to an unuſual irritation; the ſpirit of 
wine ſhould, by contracting the ſerous and 
veſſels of the conjunctiua, enable 
them to fuſtain this additional forte. 
Bur further, why does tepid milk and 
water, or a poultice of bread and milk, 
leſſen an inflammation of the eye, while a- 
crid aſtringent and ſpirituous things in- 
creaſe it? According to the doctrine of in- 
flammation from mere obſtruction, toge- 
ther with an inereaſed force of the heart 
and larger arteries; one would think that 
the former ſhould, by relaxing che ſmall. 
veſſels, expoſe them to be ſtill more and 
more dilated by the increaſed foree of the 
blood, and ſo increaſe the inflammation; 
while the latter ſhowldybycontrattingthoſe 
veſſels, enable them not only to reſiſt the 
blood impelled by the heart, but alſo to 

expell the obſtructing red globules. But 

the truth of the matter is, that the tepid: 

milk and water and poultice, by relaxing | 
the veſlels, leflen or remove the irritation 
and ſenſe of pain, which, by raiſing un- 
common ann in the Unall: veflels, 
| 'D J; e is . Was 


Y 8 >. ' 2 ” * 
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was: ce call obide: inflammation; while 
acrid aſtringent and ſpirituous applications, 
though they tend to contract the veſſels, 
yet, by increaſing their vibratory motions, 
greatly augment the force of the blood i 
them, and therefore muſt; anne 
creaſe the inflammation. big 

Tu heat; redneſs: and n 
ee on the ſkin by bliſters and ſina · 
piſms, are not owing to any increaſe of the 
heart's force, or of the moment of the 
blood in the larger veſſels, though this is 
often an effect of their application; but 
merely to the action of thoſe i irritating ſub- 
ſtances on the cutaneous, veſſels, whereby 
the motion of the Leide rab nik wer 
ly augmen te. 

'7 Tus d redneſs ons glaring p 
| warmth of the face, which, in women e- 
ſpecially, accompanies a conſciouſneſs of 
mmame, and is commonly diſtinguiſhed by 
the name of hluſbing, can only be ſatisfacto- 


rily accounted for, from an increaſed mo- 


tion ne nn men ag 
r 0 Tu 


* See K on the vita! and other e 
naotions of animals, p. 101. and 102. 


; by 
* 


ITE extraordinary flow" of ſpittle 


which happens to hungry perſons from the 
ſight or even the remembrance of grateful 


food, and the profuſe ſecretion of urine 


which kyſterical people are frequently ſub- 
ject to, cannot be explained without ha- 


ving recourſe to an increaſed motion ſud- 


denly excited in the ſmall veſſels of the 


ſalivary glands and kidneys; and clearly 


ſhew that che quantity of ſpittle and urine 


ſeparated by theſe organs, does not depend 
ſo much upon the force with which the 


blood is determined into their veſſels by 


the heart, as upon the greater or leſſer vi- 

bratory motions of the ſecerning veſſels 
themſelves. And in the fame manner, is 
it not reaſonable to believe, that the mo- 


tion of the fluids in the fhalleſt veſſels e- 


verywhere through the body, is as much, 
perhaps more, owing: to their gentle alter 
nate contractions, than to 10 force of che 
heart and larger arteries? 4.94 19 % 


Tux fecretion of tears, e 0 


. Httle affected by the different forces wi 
which the blood is impelled by the heat, 
is immediately increaſed in a very grat 
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degree by acrid applications to the eyes, or 
by certain paſſions of the mind. 


irritation, raiſes an uncommon alternate 
motion in the lachrymal veſſels. Nor can 
it be with reaſon objected here, that acrid 
things applied to the eyes or received into 
the mouth, occaſion a greater flow of tears 
on ſpittle, not by raiſing any ſtronger mo- 
tion in the ſmall veſſels of the lachrymal 
and falivary glands, but merely by conſtriu- 
ging their excretory ducts, and ſo ſquee- 
Zing out the liquors contained in them; 
ſince che quantity of tears and ſpittle dif 
charged in ſuch caſes ſhe ws, that not only 
the excretion but the ſecretion in theſe: 
glands is greatly increaſed. And if an ir- 


| = N dem an uncafy ſenſation in the extremity 
1 | of the urethra * ; ig it not reaſonable to 


and flivary duds, theſe will not be af 


| n Swieten Comment. in Boerh, Aphor. vol. i. 


I the firſt caſe; the greater eretion 
owing to the acrid matter, which, by its 


ter, from a ſtone lodged there, often occa- 


= 


_ fected: 
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bee ilne but the irritation will, in ſome 
degree, be communicated to the fmall ſe: 
cretory veſſels of their reſpective glands, 
ſo as to excite in them ſtronger and more 
frequently repeated contractions, and con- 
ſequently increaſe their ſecretions?” © 
Tur flow of: tears which accompanies 
certain affections of the mind, is, like the 
greater ſecretion of ſpittle from the fight 
of grateful food, and the heat and redneſs 
of the face from a conſciouſneſs of ſhame, 
owing to an unuſual vibratory motion ex- 
cited in the lachrymal veſſels in conſe- 
quence of theſe affections, and not to any 
compreſſion which the lachrymal gland 
may ſuffer from ſome of the neighbour? 
muſcles, which are then brought into eo! 
traction; for no degree of alternate com- 
preſſion applied to this gland remarkably 
increaſes the ſecretion of tears, unleſs its' 
veſſels, or n * Qs af are _ 
r en vitde 
3. WE have ready been aa an Mis,” 


d alternate motion in the ſmall veſſels oc- 
caſions a quicker flow of liquors through, - 
them: and ant following caſe will ſhew, 

ISS ene, 3 that, 
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a this Ä 
or wholly ſuſpended, theſe veſſels collapſe, 
and the circulation in them ewe e 
very R or ceaſes Ws Ha ME 


A boy eee eee 
age was, on Saturday afternoon, ſuddenly 
ſeized with an apoplexy or abolition of 
ſenſe and voluntary motion. On Sunday 
morning, at nine o'clock, when I ſirſt ſaw 
him, his pulſe was full and quick, and his 


eyes had ſomething of a glazed look; but 


in the evening this was more remarkable. 
Monday a little before noon, he was ftill a» 
- live, but his breathing was very laborious, 
and his pulſe ſmall and quick; at this time, 
| his eyes were more ſhrivelled than they 
uſed to be in thoſe. "_ have nenn 
hours dead. _ 
Tuts glazed appearance of the eyes. 
could not be owing to the diminution of 
the heart's force, ſince the pulſe was full 
, and ftrong for twenty-four hours after the 
" diſcaſe came on: nor can the failure of the 
pulſe, afterwards, account for the eyes ap- 
pearing more ſhrivelled than is — in 
8 „ee 


pI. A. 4 


2 4 3 


perſons newly dead. Bot if the circulation. | 
of the fluids in the ſmall veſſels be-chiefly 
awing to a vibratory motion in them, and 
if this muſt. ceaſe when the influence of the 
nerves is intercepted; in this boy, whoſe 
brain, eſpecially its anterior part, was ſo 
remarkably obſtructed; the motion of the 
fluids in the very ſmall veſſels of the comee+ 
and the ſecretion of the aqueous humour 
muſt have been greatly diminiſhed; and 
hence the dimneſs and. een of whe | 
om *, 

TuE F Hated had mk 
fied, or deprived of the nervous power;'is 
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to be accounted: for in the ſame manner; 


and is a proof that the circulation of the 
fluids through the inferior orders of veſ- 
ſels, is not more owing to the force of the 


heart, than to the action of theſe veſſeliss 


themſelves. This withering of a palſied 
member has made ſome imagine; that nu- 
trition is performed by the nerves: but 
the Mn we n en er N 


33 for * 


Dr Nuck 1 *. e Re the A to 
be much diminithed, or. intirely ſtopt, after their 
nerves were obſtructed or compreſſed. Vid. Adene- 


graph, curiof, P» 16. 1 4 bil * 
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for without this ſuppoſition; and there are 
good reafons to think that the nerves are 
ens, ſubſervient to motion and ſenſation. 
4. Alrno' the alternate contractions of 
the ſmaller. veſſels; which we have been 
contending for, are not remarkable enough 


to be diſcerned in moſt animals; yet they 


may be clearly ſeen in the legs of a bug: 
in the ſmall veſſels of which an extraor- 


dinary vibration 15 ROO by the mi- 


nen M5210 ih 

F. Laſtly, Tux vibratory, tho? ;nvivible 
motion of the ſmall veſſels, is greatly con- 
firmed, by that irregular motion, back- 
wards and forwards, of the globules of 


blood in che capillary arteries, formerly 
obſer ved in dying animals by Læwenboecl. 


and lately deſcribed more accurately by 
che learned M. de Haller f. As this motion 


continues after the heart is cut out of the 
body, it cannot be owing; to any impulſe 
of the blood communicated from the lar- 
ger arteries;! and wo have no reaſon to a- 


fcribe it to any peculiar attraction between 
the globules of blood , ſince this fluid, 

w_—O OO neither 
*_Baker on the POLY br 
48. Gottingen. vol. IV. p. 357. 1 n 
© Ibid. p. 354. Wen 


* . 
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2 n either when received into Gall glas 


tubes, nor in any other cxperinient, ſhews 2 
: ſuch a power n ig Me 
1 Tus oſcillation, r nnen, "ph, the a 
otoblales may be/accounted for, from: at 


irregulat vibratory motion in the ides'of — 
4 the ſmall veſſels. | We ſee that in anumals 
p newly dead, the vena cavd is excited into © 
alternate contractions by the ſtimulus ofthe 


e 
* Ny IT 


1 14 * 
i £ 1 * 


A blood contained, and that the fibres of the 

: muſcles, upon being expoſed to the air, or 

4 the action of other ſimuli, are frequently 

> agitated with a weak irregular and tremu- 

F lous motion; it is therefore reaſonable to 
conclude, that the ſmall arteries, which: are 

1 of a ſimilar nature with the vena eava,. and 

whoſe power of motion in living animals 

4 ſhews them to be in ſome degree muſcular, 

a may, after the circulation geaſes, hy the 

2 /timulus of the cold air, or of the globules ; 

of blood contained in them, continue to 

be excited into ſmall but irregular contrae- 

D tions, which, tho* not obſervable even by 

the microſcope, yet are diſcovered by their 

s effects: for it is eaſy to ſee, that by the 


% 
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ntrations BANE. 


of the meſentery aſcended and deſcended 
irregularly, and were agitated with the 


_ fame kind of oſcillatory motion as in the 


ſmall arteries * : for as often as by the 
leaſt agitation in the air, or other cauſe, 
the lamine of the meſentery approached 
nearer to one another, the globules would 
fly from that place; and would return to 
it again as ſoon as they receded from each 
other, in much the ſame manner as water 
ſuſpended between two panes of glaſs is 
. obſerved to aſcend or deſcend, juſt as theſe 
panes are brought nearer to, or removed 
farther from each other. 

Tux odjection againſt the reality of a 
vibratory motion in the ſmall veſſels of a- 
nimals, becauſe the microſcope ſhews no 
ſuch thing in moſt animals, is of no great 
weight; fince it cannot be doubted, that 
the . of all an Ne fluids, 

are 


S Vid. AR. Gotting, vol. IV. P. 3354. 


y, the contained blood will be put 
„Which will be renewed as er | 
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are affected by heat with a perpetual oſcil- 


latory motion; and yet, unleſs the heat be 
great, the eye, even aſſiſted by the beſt mi- 
croſcopes, cannot diſcern any ſuch thing. 

 FuxTHER, ſince the microſcope only 


ſhews'the circulation of the fluids in the 


red capillary arteries, but not in the ſerous, 
lymphatic, and many inferior orders of 
veſſels, can it be expected that any alter- 
nate vibratory motion ſhould be difcoyer- 
ed in theſe veſſels? Or, is it reaſonable to 
deny an alternate motion to all veſſels. or 
particles of matter which are too ſmall to 
* under the notice of our ſenſe?? 
ArHo' the branches of the vine were 


tranſparent, ſo that the motion of the ſap - 
in its veſſels could be ſeen by the help of a 

good microſcape ; yet it is very probable | 
we ſhould not be able to diſcover any vi- 


bratory motion in them : and yet the force 
of the ſap in the bleeding ſeaſon ſhews, 


that, beſides attraction, there muſt be a 
real propelling power exerciſed PA, the vel- : 


ſels of the vine K. 
Ir the diameter of the aorta in its dall. 
does not exceed its diameter when con- 
„ tracted 


* Vid. Hales's Sratical Eſſays, a 
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trafied TORO | of a line, i. e. , of its dia - 
meter *; and if the change of diameter, 
which happens in the red capillary arteries 

and inferior orders of veſſols from their vi- 
bratory contractions, be three times leſs in 
proportion to the magnitude of theſe veſ- 
ſels than the difference of diameter in the 
azrta; ariſing from its alternate diaſtale and 
Hole; then the difference between the 
; greateſt and leaſt diameter of a capillary ar- 
tery capable of receiving only one globule 
of red blood when moſt dilate or contract- 
ed, will be equal to _+_ part of its diame- 
ter; i. e. ſuppoſing its diameter r of an 
inch, . + | of an inch; and the ſpace 
dekttbed by exch fide of ſach an artery, 
whenrtperforms one of its fmall vibratory 
contractions, will be only equal 4 
part of ant inch, which is greatly too fall 
to be difcerned by the beſt microſcõpe. ay 
 Havivns thus endeavoured, by a variety 
of arguments, to ſhew, that the ſmall veſ- 
ſels of animals are, thro” the gentle /timulus 
of the fluids, continually agitated with al- 
ternate contractions; we ſhall now, briefly, 
point 

„vid. Weitbrecht i in Comment, Academ, eh ak 

| bo vol. vii. p. 314. THY! 
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point out their uſe in carrying on the civ- 
culation. And it muſt ap evident to 
every one, that the inferior orders of veſ- 
ſels will not only not retard the motion of 
the fluids, but greatly promote it; ance 
every ſmall portion of them Will, like a 
little heart, by its alternate contractions, 
puſh on its, contained fluid. Nor ought 
theſe contractions, however weak and im- 

perceptible, to be thought unable to pro- 
duce this effect; ſince the mation of the 
fluids in the very ſmall veſſels is far from 
being rapid, and juſt ſuch as might be ex- 


pected to ariſe from this cauſe. Dr Haler 


has obſer ved, that, in a capillary red artery 
in one of the muſcles, of the abdomen of n 
frog, the blood moved only an inch in a 
minute e and, a hats * NN it is Wen 
1 | E 2 that, 
© Statical Ef 825 ii. p. 68. e and 


the illuſtrious Senac have alfo obſerved the motion of 


the Auids to be very flow in the ſmall veſſels. On the 
other hand, M. de Haller, in His late treatiſe on the 
motion of the blood, tells us, that he has frequently 
ſeen this fluid moving faſter. in a ſmall arterial branch 


in the meſentery of a frog, than.in the trunk whence - 


it took its riſe (a). But we cannot conclude from this, 
that the verornry: of the. blood is greater, i in a natural _ 


late, 
(a) Act. Gotting. vol. iy, p. 294, 29s, and 29 %%% 1 
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chat, in the fineſt: Sen tery vue of the 


54 


brain, the fluids: may not move above a 


Pari fian line or of an inch in a minute, 
+6: 'mot/twice as faſt 3s the minute hand of 


A fmallbſtzed watch. ig hn 
Ir it be obſected. chat, a8 the capittary 


arteries and veins are deſtitute of valves, 
their alternate contractions muſt puſh the 


fluids equally back towards the heart, as 


onwards to the larger veins: it may be 
ſuſſicient to anſwer, that the refiſtance ari- 
fing from the femilunar valves of the aorta, 
anck from the force of che heart and larger 
arteries a lergo, being greater than that 
which oppoſes the tranſmiſſion of the fluids 


$5? £.23=# \ . | 

8 * 5 2 8 "AF RY r 
Rats, 3 in * ſmall branches has: in their h 4 
this is repugnant to the moſt certain obſervations, 


which ſhew, that the capacity of the branches always 
77 exceeds that of the trunks from which they proceed, 


All therefore that can be fairly. deduced from M. de 

Haller's obſervations is, that the blood may move as 
th or even faſter in ſome of the ſmall arterial branches 
than in the trunks from which they take their riſe, as 
often as thoſe branches are affected with an unuſual irri- 
tation, or the other branches . proceeding from the 
fame trunk are obſtructed or contracted by cold or o- 
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ſarily be determined towards che latter. 


But further, Why may not the alternate 
contractions of the ſmall veſſels, like the 
_ periſtaltic motion of the inteſtines; proceed 

in ſuch manner as to i their tnids 


more remarkably onwards td the. veirss - 


than backwards to the larger arteries? 
pon the whole, as we conceive the 
motion of the blood in the larger veſſels, 
and even capillaries of the firſt order, to be 
owing to the alternate gie of che heart 
and arteries ; fo in the ſerous, lymphatic, 
and ſtill ſmalfer veſſels, where this force ei- 
ther reaches not at all, or is greatly dimi- 
niſhed, the cireulation ſeems to be carried 
on, chiefly by the vidratory motions of 
theſe veſſels themſelves: "and; the finer 
fluids being in this manner tranſmitted 
into the larger veins,” the pulfation of the 
neighbouring arteries, action of the vofun- 
tary muſcles, and alternate compreſſion 
made upon all the contents of the abdomen = 
and thorax by the motion of refpiration, 
will promote their return to the heart a- 
E 

» WHAT 
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Wuar we have ſaid of the clieuketion 
of the fluids in general, we would have un- 
derſtood alſo of their motion in the ſecre- 

tory pipes of the ſeveral glands. In thoſe 
glands, whoſe veſſels are moſt patulous, the 
ſecretion may be partly, and indeed prin- 
cipally, carried on by the force of the 
heart and larger arteries; a proof of which 
ſeems to be the bloody urine paſſed by 
ſuch as have weak kidneys, after violent 
exerciſe: but in other glands, whoſe ſtruc- 


x ture is finer, and particularly in the brain 


and teſtes,” the motion of the fluids in the 
ſecretory and excretory veſſels ſeems to be 
much leſs owing to the force of the arte-- 
rial blood a ergo, than to the gentle vibra- 
tory contractions of the veſſels themſelves. 
W1rrTa regard to the nerves, which are 
geyerally conſidered as the excretory. ducts 
of the brain; it is probable, that the deri- 
vation of their fluid to the various parts 
of the body is not only owing to a gentle 
oſcillatory motion in them and their ſur- 
rounding membranes, but alſo, in ſome de- 
_gree, to their attraction as capillary tubes; 
for no dooney: can Re be a waſte of this 


fluid 
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fluid at the-exttemity.of: any: nerve, he- 
ther this happens from exhalation, -alter- 
nate compreſſion of the neighbouring parts. 
or any other cauſei than, by its attractive 
power, it will be filled again. In the other 
glands, however, whoſe excretory ducts, 
by their union, ſaon form pretty large ca- 
nals, no ſuch attraction will have place. 
1. FRoM, what has been ſaid, it maꝶꝝ ap- 
pear, that we are not to conſidex the force 
of the heart and contraction of the langer 
arteries, as the ſole cauſes of the circulation 
of the fluids in animals. The whole vaſ- 
cular ſyſtem is endowed with, a moving 
power, which is conſtantly excited into 
es by the ſtimulus. of the eixculating 
fluids; fo that while the ſmall veſſels, hy 
means of friction, deſtroy in part the mo- 
ment of the juices, they, at the lame: tame, 
communicate, by their gentle vibratory 
contractions, a new impulſe. to them. E- 
very part therefore o the vaſcular fyſtem, 
as well as the heart and larger arteries, nay 
every ſection even of the ſmalleſt veſſel, is 
to be conceived as promoting the cirtula · 
tion of ihe: fluzds; that great work, upon 
8 which 
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which the life of the whole depends, and 
in carrying on which ph park woot of 
the body is active. ad Gu 
2. Ir the lane the duide i in Adden in · 
ferior orders of veſſels be not ſo much ow - 
ing to the force of the heart and larger ar- 
teries as to the gentle alternate contrac- 
tions of thoſe veſſels themſelves, we may 
eaſily fee why frictions, warm, penetra- 
ting, and ſtimulating fomentations, and ca- 
taplaſms, &c. are often more ſucceſsful 
than internal medicines, in removing ob- 
ſtructions in the ſerous, lymphatic, and o- 
ther ſmall veſſels; ſince they not only con- 
tribute to attenuate the obſtructing mat - 
ter, but greatly increaſe the ofcillatory mo- 
tion of theſe veſſels. For the fame reaſon 
it is, that the warm mineral waters, pump- 
ed with confiderable force upon a part af- 
fected with the rheumatiſm or ' ſciatica, 
have effected a cure after other neter 
had been uſed in vain. N N 
Wanx fpirit of wine, alther — 5 or 
REPLY with other things, proves often a 
good deobſtruent when applied external - 
15 Fob I have known ſome people who 
Were 


7 


* 
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were afraid to uſe it with -vhis aan, 


becauſe it is known to coagulate the ſerum 


of the blood: but their fears were without 


foundation; for the quantity of / ſpirit of 


wine which enters by the pores: of the | 
ſkin, is ſo ſmall as to be in no danger of 


producing any coagulum; befides; as it is 


taken in by the abſorbent veins, it muſt 
go to the heart, and be mixed with the 


maſs of blood, before it can come at the 
obſtructed veſſels, unleſs when the obſtruc- 
tion happens to be in any of thoſe glands 
in which the valvulous lymphatics termi- 
nate; for ſince my very ingenious Colleague 
Dr Moxxo junior has proved theſelympha- 
tics to be no more than abſorbent veins *, 
they muſt carry the finer parts of ſuch ſub- 
ſtances as are applied to their mouths, di- 
rectly to thoſe glands which they enter, 
and before they can be mixed with the 


maſs of blood. But, altho' little is to be 
expected from the reſolving, or to be dread · 


ed from the coagulating power of the ſpi- 


rit of wine, yet it proves, in many caſes, 
2 good deobſtruent, by raiſing an uncom- 
JJV AR, 

Vid. Diſſertat. de venis lymphaticis valvuloſis. 
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mon oſcillatory motion and heat in ihe 


veſſels of the part to which it is applied. 


3. Ir the circulation in the ſmall veſſels 
he, in a great meaſure, owing to their vi- 
bratory motion excited by the ſlimulus of 

the circulating fluids, it will follow, that, 


when theſe veſſels, in any part of the body, 
are affected with an extraordinary writa- 


tion, they muſt neceſſarily be agitated with 


much ſtronger and more frequently re- 
peated contractions than uſual; hence 
the force of the blood in them will be 
greatly increaſed; and the ſmall arteries 
will not only be, more than uſually, dif- 
tended with blood, and conſequently the 
part inflated, but the red globules will be 
nn to che _—_ COOL in 


. 


many 
0 eee eee. ab PRO loci may not 
happen ſo often as has | n alledged, yet the inflam- 
mation of the cornea an £ony: unttiva covering it, whoſe 


| veſſels in 2 natural ſtate do not admit red globules, is 


a ſufficient proof that inflamimations have not only 
their ſeat in the red capillaries, but alſo in the ſerous 
arteries. Nay the effuſion of blood into the ſpaces 
of the bela celluleſa, is itſelf a proof of an errer loci 
in inſlammations, fince this effuſion is much ſeldomer 
owing to a rupture of the ſmall red arteries, than to 


a dilatation of the orifices of thofe veſſels which in a 


natural ſtate only tranſmit a thin, colourleſs fluid, 


5„ 
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many caſes will be forced into the ſpaces 
of the tela cellulgſa, through the dilated o- 
rifices of the ſmall arteries, which termi- 


nate in them *; and this muſt happen, 
whether the force of the blood be, or be 


not increaſed in the other veſſels of the 
body. An inflammation, therefore, i is not 
owing to an increaſed force of the heart 


and larger arteries conſequent upon an 


obſtruction, as ſome authors of great name 
have imagined, but to an increaſed alter- 
nate contraction in the ſmall. veſſels, whe- 
ther this ariſes from ſome obſtructing mat- 
ter diſtracting their fibres, or acrid matter 
irritating them. An obſtruction without 
an irritation in the obſtructed part, never 
occaſions an inflammation; but the i writa- 
tion of any ſenſible part with a ſharp i in- 
ſtrument, or acrid matter, never fails to 
produce this effect, although there be no 
preceeding obſtruction, nor increaſe of che | 

heart's force. When a large artery is. tied 
in the operation of the aneuriſm, we don't 
ſind, that the increaſed; moment of the 
blood in the neighbouring arteries pro- 


duces an inflammation in the arm; but, 


3 ba e 2 500 When 


0 Baller, 8 phyſio, . 2. ſed 30, 


When a tendon is wounded in blood-let- 
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ting, or a little acrid matter is collected 
below the nail, a remarkable pain, wer 
ling, and inflammation follow. _ | 
HowRE VER, altho” an increaſed force * 
the blood in the large veſſels is not the cauſe 
of an inflammation, yet it is frequently the 
conſequence of it: for, as often as the in- 
flammation is large, or the part inflamed 
very ſenſible, the whole nervous ſyſtem 
will be ſo affected by the pain, as to render 
the heart and larger arteries more irritable, 
at the ſame time that the blood, now vi- 
tiated by the obſtruction and inflamma- 
tion, muſt act upon them as a ſtronger i- 
mulus than uſual. Hence we may ſee, why, 
in inflammations, the pulſe is often little 
changed till the diſeaſe has continued for 
ſome conſiderable time. In inflammations 
of the ſtomach, inteſtines, and ztervs, the 
pulſe, though much quickened, often con- 
tinues ſmall; becauſe, on account of the 
particular ſympathy between their nerves 
and thoſe of the heart, this muſcle is ren- 
dered ſo irritable, as to contract before its 
ventricles are filled WO the returning ve- 

| nous arr T 
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FzxoM,what has been ſaid it may appear, 
that, in the cure of inflammations, beſides 
diminiſhing the force of the circulation in 


general by blood-letting, a particular re- 
gard is to be had to the veſſels of the part 


affected, whoſe extraordinary alternate con- 


tractions ſhould be leſſened by proper e 


mollient and anodyne applications, and, in 
many caſes, by bliſtering the neighbouring 


parts. My ingenious friend Dr Pringle has 
often obſerved the good effects of bliſters, 
even when early applicd, in pleurifics and 
other internal ; inflammations *, "And 1 
have frequently ſeen a bliſter, in fifteen 

hours, leflen remarkably the quickneſs of 
the pulſe, 1 not only in obſtructions of the 
lungs attended with a fever and conſider- 

able expectoration of phlegm +, but alſo in 
pleuritic caſes, and in an axgina, after blood- 
ing once and again had done little this 
way; nay, in obſtructions of the lungs and 
pleuriſies I look on it as one of the worſt 
ſigns, when after proper bleeding a large 
bliſter does not leflen the quickneſs of the 
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5 Pros e on the diſeaſes of th army, 
1ſt edit. p. 173. 178. and 359. 


Ky See Philoſophical tranſact, vol. L. part li, 1p. 369. 
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pulſe; for I have rarely ſeen any ſuch caſes 
that did not prove fatal, I know many 
phyſicians have entertained prejudices a- 
gainſt bliſtering 1 in inflammations, becauſe, 
by their irritation, they increaſe the force 
of the circulation in general: but, not to 
mention the good effects they may have 
by attenuating the obſtructing matter, and 
making a conſiderable derivation of ſerous 
humours from veſſels which are nearly 
connected with thoſe of the part affected 
if the account we have given of inflamma- 
tions be true, it muſt follow, that altho 
the material cauſe of an inflammation; f. e. 
the acrid or obſtructing matter, be not im- 
. mediately removed by bliſtering; yet if, ac- 
coxfing to Hppocrates's 'obſeryation , the 
painful ſenſation in the inflamed veſſels be 
leſſened by its means, the extraordinary al- 
ternate motions of theſe veſſels, and conſe- 
quently” the cauſe continuing and increa- 
ſing the inflammation, muſt be alſo leflen- 
ed. Hence it dür Nut a Tier; though 
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it tends to increaſe the force of the circu- 
lation in general, may yet leſſen the impe- 
tus of the blood upon the veſſels of an in- 
fla med part more remarkably than even 
blood- letting itſelf. In patients in hom 
there is no fever or increaſe of the circula- 
tion from any inflammation, bliſters are 
obſerved, by their ſſimulus, to raiſe the pulſe 
and augment the heat of the body; but in 
internal inflammations, after ſuch bleeding 
as the circumſtances of the patient may 
require, bliſters often abate the fever and 
heat of the body, as well as the quickneſs 
of the pulſe, by leſſening or removing the 
inflammatory obſtruction. 

War has been ſaid of bliſtering, may 


be applied alfo to cupping and ann 


in pleuriſies, anginas, &c. | 
StNApISMs, laid to the foles of the feet, 


remove or leſſen ravings, not by determi- 
ning the blood more copiouſſy to the in- 


ferior extremities, for their effect i in this re- 
ſpect is altogether trifling; but by raiſing 


a very conſiderable pain, which fo affects 


the mind, as to render it leſs ſenſible of the 
unuſual Stimulus” or irritation in the brain, 
| E Y FS 
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or its membranes, i ie. of the cauſe produ- 
cing and continuing the delirium. Nor is 
it material to what part of the body thoſe 
cataplaſms are applied; for a ſtrong deli- 
dium, in a fever, has been removed by the 
application of a ſinapiſm, by miſtake, in- 
ſtead of a poultice of 440 to en 
of the ſtomach. 

WX may V alſo, f from RA Sa wah ſaid, 
ſee how ravings, phrenſies, and madneſs 
have been cured by the power of muſic N, 
or by a ſudden. fright. f; for theſe, by 
greatly affecting the mind, and fixing its 
attention, not only render it leſs ſenſible 
of the diſordered, ſtate of the. brain and its 
membranes, but, by the ſtrong. impreſſion 
they, make on the fenſorwum commune, may 
tend to diſlodge ox remove the cauſe of the 
Gifeaſe,, 9 eta 
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veins. In the inteſtines we find two kinds 
of them, viz. the lacteal veins, and thoſe 
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animals e called ee 


B SIDES ke ſmall veins, NY are con- 
tinued veſſels with the arteries, and termi- 
nate at laſt in the two vene cave, there are 


others which take their riſe from the in- 


ternal ſurfaces of the ſeveral cavities in the 
body, and from the ſkin: and, as'the fluids 
which theſe veſſels convey cannot be im- 
pelled into them by the force of the heart 
or arteries, they have been thought to re- 
ceive them by ſuction, and therefore have 
got the name of abſorbent or imbibing 


commonly called abſorbent; which laſt are 
alſo to be found upon the ſurface of the 
ſkin, » peritoneum, pericardium, pleura, veſir 
cles of the lungs, dura and pia mater, and, 
in ſhort, of every membrane which lines 


any cavity of the body, In accounting 


for the motion of the fluids in theſe veſ- 
ſels, we ſhall begin with the lateals; in 
| order 
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| Ger to which it 125 be neceſſary to Rm 
male, 

1. Tnar the lacteal veins have their o- 
rigin in the villous coat of the guts, where 
their orifices are ſo ſmall as to eſcape the 
eyes of anatomiſts: that leaving the poſte- 
nor ſurface of the villous, they paſs thro” 
the nervous and muſcular coats, and, uni- 
ting into larger canals, are diſtributed i in 
the form of a net · work in the external cel- 
lular membrane of the inteſtines; and that 
after this, they enter the meſentery, and | 
are furniſhed with numerous valves, which 
hinder the return of any — to the } in- 


teſtines. 
2. Ns enen as Gino ent Uf the 


guts is contracted, the lacteal veins, which 
paſs between the interſtices of its fibres, and 
are diſtributed in the nervous and exter- 
nal cellular membranes, muſt neceſſarily be 
compreſſed; but are relaxed and freed from 
this Fe when FR coat ceaſes: to con- 

tract. 
3. Maxx ab MRO rente Babe 
Shows That ſmall glaſs tubes are endowed: 
with 2 power, A which 2255 attract fluids, 
io 
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ſo as to raiſe them conſiderably above the 


liquors in which they are immerſed That | 


this power inereaſes exactly in the inverſe 
ratio of their diameters---That theſe tubes, 
whether ſtraight or crooked, in a perpen- 
dicular or oblique poſition, in vacuo or the 


open air, attract fluids to the ſame height, 


provided their diameters be equal.-—That, 
when a capillary glaſs tube ends in a larger 
canal, the fluid is elevated ſo as to fill the 
capillary, but does not aſcend any further. 


— That, if the diameter of a glaſs tube ex- 


ceeds , of an inch, its Power of? attraction 


13 icarcely percei eivable: and laſtly, That che 5 


ſame glaſs tubes attract different fluids to 


different heights, and this neither in pro- 


portion to their tenacity nor gravity. From 
all which it is natural to conclude, that the 
lacteal veins, which, in their beginning at 
leaſt, are ſmaller than any glaſs tubes made 
by human art, muſt be endowed with a re- 


markable power of attracting the chyle, 
Wn applied to their orifices. © 


How far the attractive power in fuch 


canals as the lacteals and other abſorbent 


veins wel Cateris e u r or leſs 
; "; ian 


£ 7 e * * * 
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than in olaſs tubes, we have. no experi- 
ments to determine: but, as the urine, an 
animal liquor, is more ſtrongly attracted 
by glaſs capillaries than water or any o- 
ther fluid *; it is not unreaſonable to ſup- 
poſe that animal capillaries may be endow- 
ed with a ſtill ſtronger power of attracting 
it. And, as the ſame fluid is differently 
attracted by capillary tubes of different na- 
tures, tho' of the ſame diameter + ; is it 
not probable, that the ſeyeral abſorbent 
F in animals may be peculiarly fit- 
to attract their aner ge, mot 

— 8 | 
5 * * remarkable Attrachive 
7 power with which the ſmall veſſels of ve- 
getables are endowed, and by means of 
which they draw from the ſame moiſt 
earth very different juices, is a ſtrong argu- 
ment for allowing a ſimilar attraction in 
the veſlels of animals. It is by this power 


_ - that the ſap continues to riſe in the veſſels 


of trees, even in the cold ſeaſon of winter, 
yo; r. and 1 in mall IR, nor can 
= Cad te inks api, vitr. eb 2 


4 Muſchenbroeck Element, philoſ. natural. cap, 
wü. 9331. 
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it be pretended, that the fun's heat pro- 
motes the aſcent of the ſap here, as it does 

in ſummer; ſince trees in cold cloudy wea- 
ther, provided ie be dry, and in places | 
which the winter ſan-beams cannot reach, 
take up continually, by their roots, as 
much moiſture as is neceflary to ſupply the 
waſte by perſpiration in their trunks and 
branches. 
ſerved, that cut branches will imbibe from 
the ſmall end immerſed in water to the 
great end, as well as from the great end 
immerſed in water to the ſmall end * : 
whence it clearly follows, that the aſcent 
of the ſap in the veſſels of plants, is not 
owing to any peculiar ſtructure in them, 
but ſolely to capillary attraftion. 4% 
Is true indeed that capillary attraction, 
tho' it muſt make the ſap riſe in plants, 
will not, without the aſſiſtance of ſome o- 
ther cauſe, make a continued derivation 
of it from their roots to their branches and 
leaves; becauſe as ſoon as capillary tubes 
are filled, or have raiſed fluids to a certain 

height, all motion from attraction ceaſes: 
but as the action of the air and ſun- beams 
UA e 


But further, Dr Hales has ob- 
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trees, occaſions a ſtrong perſpiration of the 


lap by their pores; a proportional quantity 
will be attracted from the earth by their 


roots, to ſupply this waſte and keep the ca- 
pillary veſſels always full. However, as often 
as the abſence of the ſun and the cool moiſt. 
ſtate of the air put a ſtop. to the perſpira- 
tion of vegetables, the ſap ceaſes to aſcend; 
nay, if the earth be warm and dry, the ſap 
gets a retrograde motion: and hence it is, 
that, in a cool ſummer's evening when the. 
dew begins to fall, vegetables attract the 
watery particles in the air by the pores of 
their leaves and branches, in like manner 
as they had done the moiſture of the . 
by their roots, in the day- time .. 

THz ss things being premiſed, it will wig 
eaſy to account for the imbibition of the 
chyle by the lacteal veins. 1 

Wnꝝ᷑EN any proportion of che intallings 
is relaxed, the lacteal veſſels, whoſe open 
mouths are every where to be found on 


the ſurface of the villous coat, take in the 


chyle by their attractive power, ſo as to fill 


50 e which are diſperſed in the 
nervous 
» vis. Hales ae Edays, vol, 1. 


% 


of the gut. 


fucceedi 
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nervous and external cellular membranes 


The chyle being thus received 
into the capillary lacteals, is, by the fuc- 
ceeding contraction of the muſcular coat 


of the inteſtine, Which compreſſes them, 


puſhed on towards the meſentery. As ſoon 


as this contraction ceaſes, the emptied lac- - 


teals, being free from compreſſion, fill 
themſelves with chyle as before, which the 
ag contraction of the gut preſſes 
forward to the larger lacteals in the Ws; 
ſentery. And thus we fee the chyle is by 
turns attracted and propelled by the capil- 
lary power of the lacteals and periſtaltic 
motion of the inteſtinees.. 
Foxrnaes, it is probable, that the LiQeal 
veins are, hike the other ſmall' veflels'vf a- 
nimals, agitated with a vibratory motion, 
excited in them by the gentle irritation of 
the chyle, which muſt aſſiſt the alternate 
contractions of the inteſtines in the pro- 
pulſton of this Auid:!' Without allowing 
ſuch 2 vibratory motion in the umbilical 
veins of the chick, it will be no caſy mat- 
ter to account for its growth during the 
time of incubation. Tis true, the umbi- 
; <0 8 kcal 
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74 © Motion of the Fluids 
lical arteries and veins run cloſe together 


in oviparous as well as viviparous animals, 


ſo that the alternate pulſations of the for- 
mer muſt contribute to the propulſion of 
the fluids in the latter towards the heart. 


But, as there is no pulſation to be obſerved 
in the heart or umbilical arteries of the 


chick, till towards the end of the ſecond 
day *; and as, at any rate, the pulſation of 
the umbilical arteries does not extend be- 
yond the red capillaries; the fluids in the 
extreme branches of the umbilical vein 


- muſt owe their motion to ſome other 


cauſe. And is it not reaſonable to think 


that the Folliquated white is conveyed 
thro? theſe veſſels by their attractive power, 


as capillary tubes, aſſiſted by the ſmall al- 


ternate contractions excited in them by 


the gentle /timulus of this warm fluid? 


And in this opinion we are confirmed by 


the analogy of plants; in whoſe veſſels the 


__ circulation of the ſap is greatly aſſiſted by 


a vibratory motion, which ſeems to be ex- 
cited in them. chiefly by the ſun's heat. 
And is not the remarkable force of the ſap 


in the bleeding vine owing to its veſſels 


FM | 


/ 


. Malpigh. De ove ie 


lacteal veins of the 


in os ; Small Peſts 5 ; 75 


being ſuſceptible of mack ſtronger vibra- - 

tions than thoſe of moſt other plants !? 
Tux chyle in the larger lacteal veins 

which run along the meſentery, and are 
provided with valves, is puſhed on to 
Pecquet's receptacle by the force of the new 
chyle continually tranſmitted to them from 
the guts, by the pulſation of the ſanguife- 
rous arteries which run contiguous with 


them, and by the alternate motion of the 


diaphragm and abdominal muſcles in re- 
ſpiration. 5 | 
Ir the chyle is received into the naſcent 
guts by their attraction - 

as capillary tubes, it will be caſy to ſee why 


quick-filver, which is repelled by. ſuch 


tubes, ſhould, when fwallowed by itſelf, 
generally paſs through the inteſtines with- 


out almoſt. any of it getting into the 
blood. On the other hand, if the propul- 
fion of the chyle is owing to the alternate 
contractions of the guts, it may eaſily ap- 
Penn, baked it ceaſes to be tranſmitted thro” 
he Fenn them 
0 Dr. Hales 15 obſerved, that, i in 2 ſtem of a 
vine Z of an inch diameter, the force of the ſap i in the 
bleeding ſeaſon was five times greater than the force 
of the blood in the crural artery of a horſe, Statical 
F. vol. I. 9 36. | 
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them RW after death; and why, in a — 
fed animal newly killed, the lacteals in the 
meſentery, after being emptied, may be 
ſilled again, by gently: preſſing the inte- 
ſtines and imitating their periſtaltic motion. 
Win reſpe to the abſorbent veins of 
* inteſtines; the ſiner parts of the digeſt- 
ed aliment received into them by their at- 
traction, are propelled towards the larger 
meleratt, veins and vena portarum, by the al- 
ternate contractions of the muſcular coat 
of the inteſtines and preſſure of the abdo- 
minal muſcles and diaphragm in reſpira- 
tion. But, as theſe abſorhents are not pro- 
vided with valves, like che lacteals, it may 
be aſked, Why the laſt - mentioned power 
does not preſs the abſorbed fluids equally 
Lackward to the guts, as forward to the 
rena  portarum? This we imagine is Fee 
vented, * | Nan hit tig 
1. By the gentle . contractions 
of the abſorbent veins, which, as they are 
owing to the ſtimulus of the imbibed liquor; 
muſt begin at their orifices, and proceed 
towards their larger trunks. Such a+ mo- 
tion as. this, tho' gentle, will determine 


bs the 


inthe Sal Peſts. 7 
the courſe of che ſluids on to the larger 


veins, but oppoſe their return to the in- 


teſtines. And we find in fact, that, by 


means of a ſimilar motion in the inteſtines, . 


the uſeleſs part of the aliment is conveyed + 
to the great guts, even in a horizontal po- 
ſition of the body, where the alternate 
preſſure of the diaphragm and abdominal 

muſcles ought to puſh the contents of the 
bowels as much backwards to the ſtomach 


as forwards to the colon. But, 


2. Wnzx any portion of the inteſtines. 


is contracted, the naſeent abſorbent veins, 


which riſe from the villous coat, and paſs. EY 


thro? between the other membranes of this 
part, muſt have their ſides preſſed together, 
ſo as to. allow nothing to paſs through 


them; wherefore the preſſing force of the 
muſcles of reſpiration muſt, if acting at this 


time upon the larger trunks of the abſor- 


bent veins, propell their fluids towards the 
vena portarum. . When this portion of the | 
inteſtine is relaxed, the emptied abſorbents 
will, by their attraction, greedily fill them- 


ſelves with new fluids from its cavity: ſo 


eh whether the guts are contracted or 
„ae,, . * 
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relaxed, Wel will be always ſome obſtacle | 
to:the retrograde motion of a fluid aa 


abſorbent veins. | 
Wurx the liquors Ss hk the ca- 
pillary abſorbents are conveyed into the 


larger meſeraic veins, they will be carried 
along with their. mood: to the yes ne 


oo ahi: are, 00 the inked ſurfaces 
of all the cavities /of the body, exhaling 
arteries which perpetually throw out a fine 

fluid to moiſten and lubricate the parts; ſo 
there are bibulous veins which take it up; 
_ whoſe exiſtence is proved, not only by no 
. liquors, being, in health, collected in theſe 
- cavities, but alſo by anatomical injections *, 
Tuksk abſorbent veins, which, like thoſe 
of the guts, have no valves, take up, by 
their attraction as capillary tubes, the rorid 
vapour of the arteries; after which it is 
conveyed either to the valvulous lympha- 
- ties 4 or to the ſanguiferous veins in which 
they terminate, by their vibrating motion, 
the pulſation of neighbouring arteries, and 
the alternate compreſſion of the muſcles. 
The enen in the cavities of the abdo- | 
men 
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men and thorax is greatly promoted by the 
alternate preſſure of the muſcles concerned 


in reſpiration; while the muſcles of volun- 


tary motion employed in all kinds of ex- 
erciſe and labour, by accelerating the mo- 

tion of the fluids in the abſorbent veſſels 
of the trunk and extremities of the body, 
enable them to imhibe more copioully. 

And hence we may ſee, why animals which 
move little, are generally oppreſſed with 
fat; while thoſe which are kept at hard la- 
bour, are very lean. In the former, the 
abſorbent veins of the fatty cells imbibe 


the oily mutter depoſited there very flow- 


ly, becauſe they want the alternate preſſure | 


of the muſcles of voluntary motion to 


puſh their contained fluid forward to the 
larger veins: In the latter, the abſorption 


from thoſe cells is not only increaſed by 


the various and continually repeated preſ- 
ſure of the acting muſcles, but the body 
being, by much exerciſe, in ſome meaſure 
e of fluids, the veins imbibe more 
greedily, While the exhaling arteries pour 

forth their oily liquor more ſparingly. 
Ir the exhalent veſſels of any cavity 
throw out too much, or if the abſorbent 
power 
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power of the veins be weakened; or if 


both theſe happen together, a watery fluid 
will be collected in it; and in this way are 


produced an e e yr 5 | 


Ft 


Wx the Mood i is s 200 arab id 


the veſſels weak, anaſarcous, œdematous, 


and other dropſical ſwellings are common: 


for, as the bibulous veins can, by their at- 


traction, only take up fluids in proportion 


to the depletion they ſuffer by means of 


their own vibratory contractions, and the 


alternate compreſſion of neighbouring ar- 


teries and muſcles; their abſorhing power 


muſt neceſſarily be leſſened in a lax ſtate 
of the en Where thoſe cauſes are nen a 


: . weakened. 


= 


| $1; 


W while the eating of a- 
watery fluid in the blood increaſes. the ex- 
balation by the ſmall arteries, it leſſens the 
imbibition by the veins, for the ſame reaſon 
that aſhes, ſugar, or ſalts, when moiſtened, 
attract the watery particles of the air wid 
ſtrongly than when they are dry. 
Asalx, although there be little or no 
e eee 3 if its return 
J O22 14 2 491808 1} 1:2 Vue: 
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from any part to the heart be much retard- 
ed, a dropſy of that part will ſoon follow; 
becauſe the fluids taken up by the abſor- 


bents will be flowly and not without dif- 


ficulty received into the larger ſanguife- 
rous veins: and, as we have juſt now ob- 
ſerved, their ahſorption muſt be in propor- 
tion to their depletion. Hence we ſee, 
why ſchirrous tumors, bgatures, and what- 
ever compreſſes thegeins, ſoon bring. on 
dropfical ſwellings. 

Ix alfo appears from what — been fad, 


in what manner diuretics and purgatives | 


carry off the ſtagnating waters in an aſci- 
tes and other dropſies: fon by the diſchar- 
ges they make by the kidneys and inte- 
ſtines, they not only leflen the quantity of 
watery fluid in the blood, but alfo, by their 
ſtimulus, increaſe the force of the circula- 
tion, whence the exhalation by the arteries © 
muſt be. leſſened, at the ſame time that the, 
imbibition by the veins is increaſed: 
Tux ſurface of the-ſkin and er of 
the lungs are, like the other ſurfaces in tlie 
body, endowed with exhaling arteries and 
abforpent. Veins: by, the farmer, there is 
| 3 | $a 
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82 Motion of the Fluids 
perpetually diſcharged from the blood a 


imme lymphatic fluid; and, by the latter, 


the watery particles floating i in the air are 


conſtantly conveyed. into it. 
"Wren the air is moiſt, and the body has 


been exhauſted by fatigue, the imbibition 


by thoſe veins often exceeds the exhalation 


by the arteries; as Drs Keill and Linning 


have obſerved * : bat, taking the whole 
year round, the perſpiration made by the 
{kin and lungs exceeds their imbibition by 


and 
„ Medicin. Stat. Britain, tab, iv, et obſerrar.; er 


mak. Tranſact. No. 40. d 
+ The remarkable imbibition by the ſkin obſerved by 


Dr Linning, Fuly 3. 1740, betwixt 23 and 55 after» 
noon, happened, tis true, without any preceeding fa- 
tigue ; but is eaſily accounted for from his having, in in 


that time, Giſcharged 284 ounces of urine: fince i 


great a waſte of the thinner parts of the blood "_ 


not only have diminiſhed the exHalation by the cuta 


neous perſpiring arteries, but alſo have increaſed the 
abſorbent power of the imbibing veins every where 
through the body: and hence it is, that in a diabetes 
the urine often not only exceeds the quantity of liqui 

drank, but theſe are taken up ſo greedily by the ab- 
ſorbent veſſels of the ſtomach and inteſtines, as to be 
diſcharged by the kidneys, before one would have 
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and fifty-four ounces in South Carolina; 
which, though it has been commonly rec-. 
koned the total of the perſpiration, is really. 
no more than its exceſs above the quanti- 
ty of fluid taken in by the abſorbent n 
of the ſkin, fauces, and lungs. 
ALrho' in vegetables, the veſſels which 
perſpire in the heat of the day, frequently. 
aſſume a contrary office in the night · ſeaſon, 
and imbibe the dew and watery particles 
then floating in the air; yet it does not 
ſeem probable, that the exhaling or per- 
ſpiring veſſels of animals can thus become 
imbibing ones, or that the moiſture of the 
air can be, by them, conveyed into the 
blood: ſince any motion in theſe veſſels, 
from their extremities to their larger 
trunks, muſt be in oppoſition to the courto | 
of the arterial fluuds, | 
Tux imbibition by the veſſels of the lain 
is performed in the ſame manner as in the 
other abſorbents; only it is probable, that 
the perpetually varying oſcillations of the 
external air may concur in promoting it. 
Alrno' the exhalations from animal, | 
We one ah: and veal ena tranſ- 
6 mitted, | 
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| mitted, along with the watery particles in 


the air, into the blood, by the abſorbent” 
veins of the ſkin and lungs, and thus ac- 
count for peſtilential and epidemical diſea- 
ſes raging at particular ſeaſons; yet it is by 
no means probable, that ela/tic air can be 
imbibed by theſe veſſels, and thus convey- 
ed into the blood: for it has been obſerved, 
that air moves with great difficulty thro? 
capillary glaſs tubes, though ſome hundred 
times larger than the pores of the ſkin *: 
and it is well known, that water and other 
fluids can'penetrate many fubſtances thro? 
which air cannot paſs. 
Tris obſervation of the difficulty wich 
which air moves through capillary tubes, 
may ſerve to determine a controverſy which 
has long ſubſiſted amongſt phyſiologiſts, viz. | 
Whether or not any elaſtic air enters into 
the blood by the lungs? For, ſince a few 
drops of water, with ſmall portions of 
air between them, in a capillary tube, re- 
a a — force to make them aſcend, 
WOES? neal} hy ee than 


* 'Acrem vero non niſi tardè * cum quadam tena- 


citate per hos tubos moveri, ſemper docuit experien · 
tia; acri enim ineft ſpecies quædam tenacitatis aut im · 


mobilitatis. Muſchenbroeck De tub. capill. vitr. cap. 1. 
exp. xi. 7 X 


in the Snell Men, 


than that with which the tube attracts the 
particles of the water * ; it muſt follow 
that, if any elaſtic air were admitted into 
the abſorbent veins of the lungs, it wauld 
not only not move through them itſelf, but 
would hinder their taking up, by their a at 
traction, any other fluids. 

Tux prodigious ſwelling of ai in 


an exhauſted receiver, further ſhews, that 


air cannot readily paſs through the ſmall 
pores of the {kin and lungs. Nor is it any 
objection to this doctrine, that air has heen 
found in the cavities of the heart; ſince, 
in a morbid ſtate, this might ariſe from the 
blood, of which air is a rive Part, 
as well as of other fluids >: ; "> 
IT is very obſervable, tags air ed 
into the veins of an animal, produces ob- 
ſtructions, concretions in the blood, and 
ſudden death; which eſſects, however, may 
be eaſily accounted for, from the power 
which air has of coagulating blood, and 
from the durpriſing influence it has in ſtop- 
ping ye motion 5 Water, even in large 
42 233 2 * pl f W 
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Pipes, een, when lodging i their 
Hexures *. | 

Bur to return; as the effluvia of as 
een ſubſtances floating in the air, are, by 
means of the cutaneous abſorberits, con- 
veyed into the blood, fo likewiſe are the 
finer parts of plaiſters, cataplaſms, fornen- 

tations, and all otherexternal applications: 
which ought therefore to be conſidered, 
not only as having a topical influence, but 
alſo as acting upon the Whole body by their 
ſubtiler parts, which are mixed with bears 
divod and other fluids: - | 

Ir may be thought a difficulty, that 
Ae fer applied in the form of an oint- 
ment, ſhould be taken in ſo readily by the 
abſorbent veſſels of the Kin; ſince, as has 
been obſerved above, it paſſes through the 
inteſtines without getting into the lacteals. 


But this happens from the particles of the 


mercury being extremely divided, and ſo 
united with thoſe of the greaſe as to enter 
the pores of the Kin along with them: for, 
though quick-ſilyer is repelled by capillary 
glaſs tubes, yet, if their internal ſurface is 
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bes with coed das. e. 
tracted by them r. 
WE are told, that, upon opening the 


bodies of ſuch as had taken mercury. in 


large quantities, this fluid has been, ſome- 
times, found in the cells of the bones and 
cliewhere t; the reaſon of which may be 
eaſily underſtood from what has been ſaid: 
above : for, if the very ſubtile and greatly 
divided particles of mercury, after they are 
thrown ont. by the exhaling artcries, along 


with the finer parts of the. blood, into anx 

v. ſhould unite by their 
ction, ſo as to form glo-- _ 
bules, whoſe diameters are larger than the 
diameters of the abſorbent veins, tis evi- 


cavity of the 
ſtrong mutual at 


dent, they could never be. taken up by 
theſe veſſels, but muſt remain for ever in 
ſuch cavity. 


To conclude our obſervations on the ab- d 


ſorbent veſſels of animals; It may not be 


improper to take notice, that there are, 
. 72, 2p i 


® Memoires de I Academ, n an. 1724.3 and 
Muſchenbroeck De tub. capill. cap. iv. exp. 12+ cor. 2. 
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upon this internal ſurfaces of the follicles 
and ſecretory and excretory duds of the 
Slands, bibulous veins, whoſe office is to 
carry off thoſe fluids which would be im- 
proper to enter into the ſeveral ſecretions. 
And, if we ſuppoſe theſe abſorbent veſſels, 
hke other capillary tubes, to attract, ac- 
cording to their different natures, different 
fluids more or leſs ſtrongly, we ſhall ſee 
one great cauſe of the various a eg 
eee in fare bodies * carne 
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ADVERTISEMENT 
0 the'fecod Ef Tou. 
M. de HALLER having, in the fourth 
volume f the Memoires ſur les parties ſen- 
ſibles et irritables, given a particular anſwer 
to hag firſt edition of the following Obſerva- 

I have, in ſome of the notes to this edi- 
oa obviated ſuch of that learned author's 
objections as appeared to be of leſs moment, re- 
ſerving the principal points in debate between 
72s, to be conſidered in the Appendix. 
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0 Smftli. 3 8 
HE truly 3 and July eſteec- 
ed M. de Haller, in his late treatiſe 
De partibus Corports human ſenſibili- 
bus et  irritabilibus *, has favoured the 
world with an account of many new an 
curious experiments; from which he has 
frequently drawn ſuch concluſions as, if 
juſt, muſt neceſſarily produce conſiderable 
changes both in the theory and practice of 
the medical art. Being ſenſible how con- 
A ins doctrine ls, in _ things, to 
the 


0 Goring; vol, II. wk 1752. Pag 114. - 
Ge. ba + | 
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the received opinion of almoſt every phy- 
- fician, antient as well as modern, he has 
been at uncommon pains in making many 
and repeated experiments; as much to o- 
verpower the incredulous by their num- 
. ber, as to fecure himſelf from any chance 
of being deceived *. 

Qe1x10xNs, even purely theardtical; fu 
not be let paſs, if there is any fallacy in 
them: but when propoſitions, founded on 
experiments, and ſupported by. men of 
high character, are advanced, by which 
practitioners in medicine may be led into 
errors; it becomes the duty of every lover 
of the healing art, to prevent their being 
—_— received as truths. | 

Ix the concluſions in the treatiſe above 


| 4 and eee certainly treat their pa- 


tients in a manner very different from what 
they have hitherto done; w if there 


be a miſtake in the doctrine, many lives 


may be endangered or loſt. It ſeems to be 
of ſome conſequence, therefore, to conſider 
this matter with attention, and to examint 
particularly, How far M. de Hallers ſyſtem - 
of ſenſibility is, or is not, well founded. 
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Os author, i in treating of the ſenſibi- 


lity of the ſeveral parts of the human body, 


reckons among the inſenſible parts, the 
tendons, aponeuroſes, Ugaments, capſule of 
the articulations, perigheum, bones, marrow, 
dura and pia mater, pleura, peritone anaum, . 
ricardium, mediaſtinum, and cornea. 

''1, H tells us, that living, Animals, 
whoſe tendons were cut, burnt, 'pricked, 


or torn, ſhewed no ſigns. of uneaſineſs; 


and, when a little part of the ends, Achilles 
alked without an ny . 


2. Wazx the ligaments and of 
the articulations So 1 0 2 
needle, ſcraped with a knife, or had oil of 
vitriol or butyrum antimonii applied to cher 
the animals ſhewed no ſenſe of pain +. 
wounds of theſe parts and of the ; tendon 
were followed with no bad ey 


and 1 were 88 8 without * other Teme 


: than 
141 1 1 nr $0911 N BA n * 
Act. Going. wol. II. p. 120. ich $ 


+ Ibid. p. 122: et 123. den 4 bl 
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than the ſaliva of the animal, and ſome- 
times without this “. 


3. THE perioſteum, be) ac © AA torn, 
fag Gund pe peterto the animals +. 

4. He allows feeling to the teeth, but 

not to the other bones, becauſe they are 
not furniſhed with nerves, and becauſe he 
has ſeen the ſkull trepanned, without gi- 
ving pain, in perſons who were weed of 
all their ſenſes 4. 

5. Hg denies feeling to the marrow, 
not from any experiments of his own on 
living animals; but becauſe it is a fatty 
fubſtance and deſtitute of nerves 1% 


burnt with oil of vitriol, yi 
rit of nitre, and butyrum antimaniz, the ani- 
mal ſeemed to bave no feeling of the in · 
jury $. 
J. Warn the pia mater was burat by 
touching; it with butyrum antimonii, the ani- 
mals neither cried, nor were they convul- 
Led; but, as ſoon as the brain itſelf was 
wounded, the body of the animal was 
tmwiſted 
* 48. Gotting. vol. un. v. 121. 1 
++. Ibid. p. 123. 1 wid. p. 1 
I id. p. 125. $ nt P- 156. ; 


* 


| Obſervations on Senſibility, 95 
twiſted mu Shure with violent convul- 
ſions &. | 

8. Tun eee plows, and ne- 
dium, when laid bare and cut, or otherwiſe 
irritated, en wan 'the ani- 
mal f. 

9. He denies bg ie the W HOP . 
not upon the authority of any experiments, 
but becauſe, like the pienra, it is a mem- 
brane and deſtitute of nerves 1. 

10. HE neee ASSN. 
cauſe its nerves cannot be demonſtrated; 
and it is often pierced with a needle-with- 
out giving pain ||. 

B ESD Es the inſenſible parts den men · 
tioned, there are others which, according 
to M. de Haller, have either no ſenſe of feel- 
ing, or a very obſcure one; and theſe are 
the arteries, veins, glands, and viſcera, vis. 
the lungs, liver, ſpleen and kidneys, which, 
when pricked, cut, or otherwiſe irritated, | 
ſhewed nothing like feeling §. ape 

ne concluſions which "ver wude. | 


„40 Coung. vol. II, IJ Wired OH 
I Ibid. p. 130. n 

+ Ibid, p. 131 
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Gin from the above CCC may 


be reduced to the three following. | 
1, Tyar the tendons, ligaments, cap- 


ſüule of the joints, dura mater, pleura, and o- 


ther membranes, are quite inſenſible. 
Aal, From the inſenſibility of theſe 


parts, and the difficulty of tracing, by diſ- 


ſection, any nerves to them, he concludes 
that they have none, and that this is the 
reaſon why they are deſtitute. of feeling. 
-. 2d, Hs thinks it follows, That thoſe 
parts which, from his experiments, he con- 
cludes to be inſenſible, have been unjuſtly 
accuſed by phyſicians as the ſeat of many 
painful diſeaſes. Particularly, That the 
pain, ſwelling, and inflammation which 
have often followed venæſection in the 
flexure of the arm, have not been owing 
to the tendons or aponeurgſer, in that part, 
being pricked by the lancet, but to the 
median nerve or ſome branch of the mu- 


ſculo-cutaneous nerves being wounded x. 


That we need be no way afraid of wounds | 
of the tendons, whether they be cut, prick- 
ed, burnt, or otherwiſe hurt.------That the 
Ne and TO” have not their, ſeat 
464 7.4983 3 


185 A. Gotting. vol. II, P. 121. it. a Hat 
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in the dura mater &. That the ſkin or 
ſubcutaneous nerves are the ſeat of the 
violent pain with which arthritic patients 
are affected, and not the ligaments or cap- 
/ule of the joints f. And that the pain of 
the pleuriſy has been without reaſon fup- 
poſed to be owing to an inflammation of 
the pleura, which is void of feeling. 
In the few obſervations which I propoſe 
to make on this doctrine; I ſhall, Firf, 
Conſider the parts, reckoned inſenſible by 
M. de Haller, in a ſound natural ftate, ſuch 
as they were in his experiments; and, 2dly, 
When they are affected with diſeaſes, whe- 
ther in conſequence” of ſuch ar 5 
een e W 6 
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with a view to diſcover the ſenſibility or 

inſenſibility of the ſeveral parts of animals, 
particular regard ſhould be had to an ob- 
ſervation made by Hippocrates, above two *- —ę 
ff - 3 e 1 

* 44. Gotting. wo U. p. 8 | oy” 
or 1bid, vol. 11, p. 122. and 12 8 
by c 
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thouſand years ago, viz. That a greater 
pain deſtroys, in a conſiderable degree, the 
feeling of a leſſer one ; an obſervation, 
the truth of which is confirmed by the 
daily experience of every phyſician. Thus, 
pricking any part of the body ſo as to give 
conſiderable pain, will ſo obliterate the ir- 
ritation in the left orifice of the ſtomach, 
which is the cauſe of the hiccup, as inſtant- 
ly to put a ſtop to this convulſive motion. 


Ta lighted candle be brought near à per- 


{on whole eyes are a little inflamed, it will 
give him a good deal of uneaſineſs: but, 
if he be placed firſt in the ſunſhine,” the 
candle will not add ſenſibly to his pain. 
WIEN a frog's hinder-feet are pricked 
or otherwiſe wounded immediately after 
cutting off its head, it makes ſcarce any 
motions at all with its legs, and ſhews al- 
moſt no. ſigns of feeling; but, if the toes 
are pricked or cut tenor fifteen minutes 
after decollation, the legs and thighs are 
not only violently moved, but ſometimes 
alſo the trunk of the body. Now, if in 
this caſe, as we ſee, the great pain occaſion- 
ed by cutting off the head rendered the 
r W 0 - Animal | 


— - 
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i for ſome time inſenſible when its 
toes were wounded; is it to be wondered 
at, that, after the more ſenſible parts were 
cut, thoſe animals which M. de Haller o- 
pened ſhewed no ſigns of pain, wy the 
leſs ſenſible parts were wounded? | 
Wu the thorax of a living nr is 

tid open, it does not ſeem to receive any 
additional pain by pricking or cutting its 
heart; no new convuliions are produced, 


nor any change in the body, except per. 


haps à quicker repetition of the heart's 
motion: does it follow from this, that the 
heart is deſtitute of feeling? No, ſurely; 


but only that, after the great tortures ſuf- . 


fered by laying open the thorax, the new 
pain produced by wounding the heart is 
too ſmall to make any remarkable impreſ- | 
ſion upon 8 and half inſenſible ani- 
mal. | 
Dots it not appear, from what lay — — 
ſaid; that a want of due attention to the a- 
bove- mentioned maxim of ' Hippocrates, 


which is ſupported by the ſtrongeſt experi- 


ments and obſervations, may have given 
occaſion to ſome miſtakes with regard to 
Mr F r 
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the degree of ſenſibility in many of the 


parts of animals? Thus, it will not follow, 
that the tendons, ligaments, capſule of the 
joints, periaſteum, and dura mater, are altoge- 
ther deſtitute of feeling, becauſe no convul - 
ſive motions, or other ſigns of acute pain 
appeared in the animals when they were 
cut, pricked, or torn; for this might be 
owing either to their not being endowed 
with any painful feeling, or to the greater 
pain occaſioned by cutting the ſkin, ſub- 


cutaneous nerves, &c. in order to get at 
F - thoſe parts, the ſenſibility of which our 
learned author propoſed to try. The con- 


cluſion therefore which ſhould be made 
from his experiments, is, not that the parts 
above-mentioned are wholly deſtitute of 
_ feeling, but that they are much leſs ſenſible 


than many athers, or than has been com- 


monly believed by phyſicians. 


2. Wirz regard to the marrow which 


AM. de Haller reckons inſenſible; Duverney's 


experiments made on men * eh 1215 
0 


'® Dans les hopitaux, ok voant panſer ceux qui avoient 
eu un bras ou une jambe coupee, Je pouvois voir la 


moelle a decouvert, toutes les fois que je la faiſois 
toucher un peu rudement, le malade donnoit auſſi - 


tot des marques d'une nouvelle douleur. Memoires 
de Vacad, des Sciences 1700. edit. 19 p. 235. 
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alſo ee with my ingenious friend 
and colleague Dr Morro ſenior), and particu- 
larly his experiment made on a living animal. 
before the Royal Academy of Sciences at 
Paris , are ſufficient proof that this, pork 18. 


dy: Bt Va 45 2 a 


0, Vous vous ſouviendrez, Meſſieurs, que je fis ſcien 
devant vous, par le milieu, los de la cuiſſe d'un ani- 5 
mal vivant ; et, ayant fait 6ter les chairs et les mem - - 


« branes, pour laiſſer le bont de Vos entierement à nud, 
« comme tous ces ebranlemens et ces diviſions cauſoient 
de douleur tres cruelle a Vanimal; j eus la precaution: 
d'attendre que cette douleur fut paſſce, et, quelque 
tems après, plongeant un ſtilet dans la-motlle; 
vous vites que animal donna auſſi. cot des marques 
« June tres vive douleur, ce que fur reitere plu- 
ſieurs fois avec la me me precangpit ph avec 5 mẽme 4 
* ſucces.” : : | 
Memoires de Weide Royale des W 1700, 1 
edit. 8 vo, p. 2 56. . | 
M. de Haller, in anſwer to theauthocity of Duver- 
rey which 1 had cited, ſays, that „a. fingleeipgriment 
6 is not. ſalfcient. to proye the ſenfiblity off the mar-- 
row, Which is evidently cellular, and whoſe nerves: 
© have not yet | been diſcovered (a).“ Bat in confirma-- 
tion ofthe truth of Nuvernty' $ experiments, I mentioned 
that they had alſo ſuccbeded with Dr 'Monrs Jenior 541 
and have. now to to add; th that Dr A, Monro Junior, Ra- 
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with, the N of « one's anger, 2 very ſen- 
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far from being deſtitute of feeling: We the 


_ reaſons given by M. de Haller for his pla- 


cing it among the 1nſenfible parts, are not 


of any weight, when compared with thoſe. 


experiments; for the feeling of the marrow 
iS not owing to its oil, but to the mem- 
branes. containing this oil; and the expe- 
riments which demonſtrate its ſenſibility 


prove that theſe membranes are furniſhed 
with nervous filaments, although they 
may be too fſulbtile to be traced by the 
knife of the moſt accurate anatomiſt. 


3. Tas tunica cornea: is ſo far from being 


inſenſible, as Dr Haller would perſuade us, 


that any one may be ſoon convinced of the 


_ contrary by an eafy experiment upon his 


own eye; for, when the cornea is touched 


ſible 
ving been CEN" Taſt ſummer (1760). ks arputa- 


The tion of the arm above the elbow, in a man of abour 


forty, on account of à gun · hot wound in the hand, 


and a ſupervenient mortification, after the arm was 


taken off, he preſſed upon the bone, the marrow, and 


ide muſcles repeatedly with the point of his finger; 
when the bone was touched the patient felt nothing, 
touching the muſcles occaſioned little pain; but he 


complained conſiderably as olten as che Doctor ans 
the marrow with his bnger, | 
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ſible pain is felt: and it is well known, 


that powder of tobacco, or any acrid li- 
quor apphed to the cornea, excites a very 
painful ſenſation. Though the ſclerotic 
coat of the eye is far from being deſtitute 
of feeling, yet Lhave found it to be leſs 
"ſenſible than the cornea, by touching 


both, not only with-the point of my finger, 
but ate wind ail of aſl. le een 


- Having 

0 M. de Holler . that i in theſe experiments, 
1 only touched the conjunctive (a), which is certainly 
true; nor was I ignorant of this, But as M. de Haller 
had pronounced the cornea in general to be inſenſible, 
and had made no exception in favour of the conjunctive 
which covers it, my experiments were certainly in 
point, and the concluſion from them juſt: and it will 
be found very difficult to prove by any experiment, 
that the pain occaſioned by cutting the cornea is not 
bn atm iy eee as well as fo the con- 

ive. 

M. de Haller, unwilling to allow ſenvibility « even to : 
the eonjunctive, aſcribes the pain occaſioned by touch- 
ing the cornea to ſmall branches of the fifth pair of 
nerves which run between theſe membranes. But ſup- _ 
poſing the exiſtence of nervous branches betuten the 


| cornea-and conjundtive, as well as between this laſt and 


the ſelerotic, although no-anatomilt has yet demonſtra- 


red the former; yet the pain occaſioned wan 


cornea 


. and neg. 


* 
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Having had lately occaſion to be pre- 


ent at the extraction of the cryſtalline lens 


in Mr Sharp's way *, I inquired particu- 
hrly of the patient, Whether he felt any 
pain when the cornea was firſt pierced with 


the knife employed in that operation? he 


told me, He thought the pain was much 
the ſame with what he uſed to feel when 
the ſkin of his arm was cut in blood-let- 
ting. It deſerves however to be remarked, 


that, though the ſkin and cornea are both 
endowed with a very conſiderable degree 


of ſenſibility; yet, when, they are cut 
quickly mib a very ſharp men, there 
bs 


cornea very Ne or the ſenſation produced by the 
cool air blowing on it, cannot well be conceived to be 


_ owing to any thing elſe than the ſenſibility of its exte- 


rior covering. Nay, if the cornea itſelf were not more 
fenſible than the ſclerotic, why ſhould the conjunctive 


feel more acutely where it covers the former; than 
where it is contiguous to the latter? The conjunctive, 


where it covers the cornea, is certainly one of the moſt 
ſenſible parts of the whole body, and leaſt able to bear 


any hurt, or the application of any /acrid ſubſtance. | 


Nor could its ſenſibility be ſo great, if it were owing 


ſolely to ſome branches of nerves OY between it 
and the cornea, | 


4} 8 tranſadt vol. abr, p.. P. 322. | 
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is h leſs pain felt than ane would i ima- | 
gine, Thus when the ſkin is: ſlightly 
wounded in ſhaving one's beard with a ra- 
zor, the blood that follows is often the firſt 
thing that lets one know of any ſuch. thing 
having happened: and this, together with 
the pain occaſioned by holding the eye 
firm in its orbit, and the concern the pa - 
tients are generally under, may very well 

account for their being ſometimes ſcarce. 

ſenſible of any pain when the carnea is pier 
ced with a ſharp needle. But upon the 
whole, it appears, that the cornea is poſ- 


ſeſſed of a remarkable degree of ſenſibility; 


and conſequently, that M. de Hatler's poſi- 
tion, That all membranes are deſtitute of 
feeling *, muſt admit, at leaft, * 


en | wat od, Mere dt 


» Act. Goring. vol. II, p. 1 130. 

+ M. de Haller repreſents me as inconſiſtent with 
myſelf in giving the cornea as an inſtance of a mem- 
brane that is ſenſible, after having owned that, when 
pierced with a ſharp needle, it often occaſions little 
pain (a); but there is really no inconſiſteney here, ſince 


1 have obſerved, at the ſame time, that the ſkig, which ' 


is among the moſt ſenſible parts, feels generally leſs 

from being lightly cut with a ſharp razor, than the 

cornea does when pierced with a needle. oF 
(4) * Memoir es for les parties ſenſidles, ce. vol. i h. fe ut. 
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4, Obs author allows the kidneys either 
no feeling, or à very obſcure degree of it; 
becauſe he could obſerve no figns of pain 
in the animals whoſe kidneys he cut or 
pricked with a knife: but, after cutting 
the ſkin, abdominal muſcles, &. and dif 
placing the inteſtines in order to get at the 
kidneys, it was ſcarcely to be 'expected, 


that the animals would ſhew any tokens of 


additional pain when theſe organs were 
wounded, unleſs they had been equally, or 


more ſenſible than * er- before ail 
e 


A PRHNsI CHAN of we Lohalamtatits who 


had occaſion to ſee the operation of ne- 


phrotomy performed a few years ſince, 
was told by the patient that, when the kid- 


ney was opened, he felt pain; though dul- 
ler and leſs ane _ when the ſkin was 


cut. ä 
Ons :nflance of this kind is more deci- 


ſive in favour of the ſenſibility of the kid- 
neys, than twenty experiments on brutes. 
Who cannot inform us whether they feel a 


ſtight pain or none at all; and, if the kid- 


neys be leſs ſenſible than the kin, we can- 
| | =. Hob 


* 
— 
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not expect that wounding them will add 


conſiderably to the pain Which the animals 
ſuffered before from Gy my {kin 8 

Ir is very obſervable, * While M. de 
Holler denies feeling to the kidneys, he al- 
lows it to the ureters: not becauſe ani- 
mals, when theſe are cut or wounded, ſhew + 
ſigns of greater pain than when the kid- 
neys are treated in the ſame manner; but 


becauſe he ſuppoſes the ureters to be of the 


nature of the ſkin; and propagated from 
it x. And indeed, even the ſtrongeſt ex- 
periments upon brute animals would not 
have been ſufficient to have proved the u- 
reters inſenſible in men; when ſtones paſ- 
ſing from the kidneys to the bladder ge- 
nerally occaſion ſuch exquiſite pain. But, 
does not the acute pain always attending 
a nephritis; and ſometimes occaſioned by a 


{| ſtone lodged in the kidneys, ſhew, beyond 


doubt, that they are endowed!with feeling 
as well as the treters ? while nothing can 
be concluded from calculi lying long in the 
kidneys without giving pain , except that 


eben were ſo ſituated as 0 to hurt them. 
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} his; 5. 132, 


108 Obſerwations on Senſibility. 
4 5: ALTHo? brute animals ſhew ſmall ſigns 


of ſenſibility, when the glands are pricked, 


or have acrid things applied to them, im- 
mediately after the very ſenſible ſkin has 
been cut; yet, we know that a bruiſe on 


the teſticles often cauſes, inſtantly, ſuch 
exquiſite torture as to make men faint; 
and a blow on a woman's breaſt often ex- 


_ cites, immediately, ſhooting pains in the 


gland there, though no mark of the bruiſe 
appears in the ſkin. ' Theſe are ſuch un- 
doubted proofs of the ſenſibility of the 
glands, as no experiments made on brute 
animals will ever be able to overthrow. 


6. M. vs HALLERA allows the mem- 
branes of the aorta near the heart, and of 


the temporal, lingual, labial, thyroid, and 
pharyngean arteries, to be ſenſible; but 
thinks the coats of the arteries in other 
parts of the body have either no feeling, 
or a very obſcure degree of it; though it 
does not appear from his experiments, 


that animals complained more when the 
former than when the latter were irrita - 
ted. In this caſe, he relinquiſhes the ap- 


peal to experiment, and founds his opinion 
on 2 i; nerves to o the Or which 


he 
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he could not do to the latter: an argu- 
ment he makes uſe of upon ſeveral other 
occaſions, and which is next to be exa- 
ede 595.4: i n Hrn mou? 
7. As our author not only fonds his 
opinion of the inſenſibility of many parts 
of the body upon experiments made on li- 
ving animals, but alſo on their being de- 
ſtitute of nerves; we ſhall briefly conſider, 
whether, from the real or feeming inſen- 
ſibility of any part, or from anatomiſts be- 
ing unable to demonſtrate its nerves, we 
are intitled to conclude that it has none. 

 ALTHo* the tendons are quite inſenſible 
according to M. de Haller, and their nerves 


can ſcarcely be demonſtrated by anatomiſts; 


yet, we are convinced, that the tendons are 
not deſtitute of neryes, from the following 


obvious ohſervation. In fœtuſes and new- 


wards, in an adult ſtate, become tendinous, 
are muſcular, or partly ſo; and as animals 


advance in age, the proportion of the ten. 


creaſes: we muſt either, therefore, deny 
reaſes: We mult either, therefore, deny 
A e ele e er 
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nerves to thomnicdps, er allow them to the 
eendoss. alſo K. $23 D419 em: ana 
Arno) We,canngt; trace nervous fila- 
ments to the ſmall arteries, we have xeaſon 
to beligye they are furniſhed with them; 
elſe, how. could the diſtraction of, their 
| coats in inflammations occaſion ſuch acute 
1 pain ? I think we may conclude every part 
BI that is liable to be inflamed by irritation 
1 bach in eee ſenſible and endow- 


2 LSilin C ELL BEETE £3 £ I 43: 390 2 1605 14 ed 
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. ® The reader EN obſe , that om thoſe e parts 
which were once muſcular Was afterwards ten- 
dinous by age, | only conclude that they fre not deſti- 
tute of nerves, but not that they are Jerfible.; which, 
however, M. de Haller has repreſented meas ſaying (a), 
although it be expreſsly contrary to my acknowledge- 
| ment of the very obtuſe feelin of the tendons, and to 

what I have faid below, "of the ſenſibility of the parts 
1 depending not ole) on their having b but on 
FF the diſpoſition andiltate of thefe nerves. N 
F _ _Þ+M: de Hallen ſeems ſometituæs to allow dad to 
|| * the arteries, and at other, times denies that, they have 


4 any, becauſe, when. 11 Are t , th animals do not 
1 ſeem to feel 1 of A 0 ſerved, t that the 


ureters, whoſe ſenſibility Ki idnowledg es, may be tied 
| or wounded with i little figns of dem . tlie arteribs. 
. vid Memoires ur les parties ſenſibles, vol, iv. p. on 
et 110.; and Act. Gotting. vol. ni. p. 142. 


30 AM emed ſur les parties ſenſibles, vol. iv. p. 103. 
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tion cannot in this cafe be owing to any 
increaſed force of the heart, the diſten- 
fion of the ſmall arteries, and the * | 
impetus of the blood in them, muſſ be 
ing to an increaſed; oſcillatory motion in 
the veſſels themſelves, excited by the un- 
uſual irritation: but theſe motions of the 
ſmall veſſels ing of a like kind with thoſe 
alternate contractions. which are obſerved 
in muſcles: whoſe fibres have been irritated; 
it will follow that-thoſe veſſels partake: of 
a muſcular; nature, and ese have 
ner ves like the other muſcle.. 
Wi ru regard to the 1 ſince 


thewks's mawand flieog are e aafth 
nervous filaments, which anatomiſts have 
been able to demonſtrate &, we may rea- 


ſonably conclude that theother membranes 
are not deſtitute of them; altho? they may 
be too ſmall to come under the eye of the 
beſt diſſector: this is certainly true of the 
cornea and membranes containing the mar- 
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ed experiments, to be-ſenſible, and conſe- 


wie cannot certainly conclade, from a part's 


ntly- not without nerves. It appears, 


therefore, that we can by no means con- 


clude, any part to be inſenſible, nereſy be- 
cauſe its nerves cannot be demonſtrated. 
N o hand, it is. allowed, that 


being furniſhed with, nerves, that it is ſen- 
ſible at all, or in what degree: for the 
nerve muſt be in a certain ſtate to perform 
their offices rightly ; and, in proportion as 
they xecede from this, their ſenſibility will 
be more or leſs blunted. e been will il- 
lInKkeate this. Alu. 0 ode 

Tux bones, which, i in 2 1 1 


4 Nate are; inſenſible, are nevertheleſs moſt 


certainly furniſhed, with nerves; as appears 
from the remarkable fenfibility of the gra- 
nulated ſubſtance which riſes from them 


afteꝶ fractures, or their being chizelled, or 


when they exfoliate: this ſoft fleſh, how- 
ever, gradually loſes its feeling as it grows 


5 harder, till being at laſt turned into a cal- 


lous or oſſeous ſubſtance, it becomes Wat 
Iy inſenſible. 44 . 1 
Tux membranes of the tela cellularis are, | 
in a natural ſtate, ſoft, flexible, and diſten- 
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more firmneſs, they are ſenſible of con. 
touch and every acrid application, as ſur- 


geons ſee daily. Aftera aicatrice has ſome 


time covered the parts where the ſore Was, 
and they have returned to their natural. 
ſoftneſs, theſe cellular membranes loſe again. 
their ſenſibility; as appears on making a 


new wound thro? the cicatrice; and reco- 


ver it again, whenever they become firm: 
and tenſe, bx the new ane a 
fuppuration. + 
Tu dura mater, 25 in a fund Late, 

has but little feeling, granulates after the 
tre pan, and feels every irritating ſubſtance 
applied to it; and the ſame thing happens 
to cartilages, ligaments, tendons, mem 
branes, Gœlt.1 


Wrrnovr attention to this ates” in 


the firmneſs of parts, and its effect upon 
their nerves, we could never account for 
what has been obſerved above, viz. that 
the parts of muſcles, which in fœtuſes and 


children are lax contracting fibres and very N 


fenſible, become in a great meaſure; in- 


ſenſible, in a ſound ſtate, when, by the 
K 3 creatures: 


113. 


file, and have little feeling ; but, in every 
wound or ulcer, when they acquire ſome 


1 - 
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creature's advancing in age, they are com- 
pacted WU dene. * to 3 = 
theme © in Kraut Ir 

ker ſenſibilty, Wr fares —— 

the exiſtence of nerves in any part of the 
body, there is not one that is deſtitute of 
them, altho” anatomiſts will never be able 

| to demonſtrate them in every part. 
Font what has been ſaid, it may ipod; 
that M. de Heller's experiments on living 
animals do not ſufficiently prove the doc- 
trine he would deduce from them; and 
that his argument for the inſenſibility of 
parts, taken from their nerves not being 
demonſtrable, is alfogether- inconcluſive. 

Let us next try what further Mgt — 

| ll throw! bo gon this gs +4 


be , 
-_ "4 »; * 1 N 
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: OY the parts ate inlen ile by M. a 
Haller were really "deſtitute of ner ves, it 
would follow, that they could in no caſe 
become the ſeat of painful ſenſation; and 
1 even ſuppoſing them furniſhed with nerves, 


wad 

it 
e 
nd 
es, 
ut. 
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but poſſeſſed only of an obſcure degree of 
feeling, it may be thought, at leaſt, not 
probable that they can be the ſeat of thoſe 
painful diſeaſes commonly aſcribed to them. 
In order to ſet this matter in a proper light, 
it will be ſufficient to diſtinguiſh between 
parts in a ſound and in à diſeaſed ſtate. 
In a ſound ſtate, the feeling of many parts 


of the body is but very dull, which is al- 


together neceſſary to prevent the uneaſi- 
neſs we ſhouldotherwiſe perpetually ſuffer, 
when our organs are ſtretched, preſſed up- 


on, Cc. in the common offices of life: ſuch 


parts, therefore, when cut or wounded, in 
a ſound ſtate, give little uneaſineſs; but, if 
afterwards an inflammation comes on 
them, they become extremely ſenſible, and 
their over-ſtretched veſſels and nervous 
filaments occaſion intenſe pain, by which 
we are excited to am the cure of | 


Ir is i chat thoſe 20s which arc 
moſt ſenſible in a found ate, acquire a 
more acute feeling when inflamed. Thus 
the ſtomach, which, in health, can bear 
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gent liquors, without being hurt, is, when 
inflamed, often brought into convulſions 
by the mildeſt drinks; and light, which 


gives no ſenſible pain to the eye in a ſound 


ſtate, becomes intolerable when this organ 
is inflamed. Nor can we doubt that the 


more inſenſible parts may acquire, when 


inflamed or otherwiſe diſeaſed, a remark- 
able degree of ſenſibility. Examples a- 
bove recited have ſhewn this to be true of 
the bones, tela cellularis, and dura mater ; 
and the following facts will ſhew the ſame 
thing, in other parts, reckoned either 


wWholly, or aumoſt wholly n by our 


author. 

As often as e is an inflmmation, 
eſpecially when tending to ſuppuration, in 
any of the glands, as the parotids, tonſils, 
maxillaries, mamme, teſtes, kidneys, & c. the 
patient is tortured with pain, often before 
the teguments are affected or even confi- 
derably ſtretched. And is not this a much 
better proof of the ſenſibility of theſe 
parts, than ſchirri and other indolent fel. 
Ungs are of the contrary ?'—o 7 

"NON FIT of 2 * when Aube 
* 


28 


he touch of no hard or acrid 
med; can bear the tou f 
ſubſtance; and ſungi riſing 8 — 
very ſharp pain, when fretted. 4 * 
IN the rheumatiſm, joints, where | 
kin is unſtretched and of the —— 
lour, and where no muſcular — | 
placed, are ſeverely pained on the ern 
tion, tho done without the effort 2 
patient; which — 
the ſenſible ligaments and tendons; 
large branches of /nerves; thus affected, 
would produce con vulſions of the muſcles 
they ſerve, which do not happen: her 
in theſe caſes, the —— ** * | 
9 by 2 fall on — hoon 
trochanter- of the thigh, — — 
ecchymofis, or twelling of the tegumen | 
often brings, in a little time, 1 
on all the outſide of the thigh, leg, _ 
foot; which continues obſtinately ” 
months or n thro? the whale-extent. 
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even the repletion of the veſſels of an over: 
ſtretched perio/teum, as by heat or food in 
venereal nodes, gives very ſharp pain. 
And, in the /pma ventoſa and other ſuppu- 
rations of the marrow; pain is felt before 
any ſigns of the diſeaſe appear externally. 
IESE obſervations ſeem to demonſtrate, 
which A. de Haller would have us believe 
to be inſenſible, are often the ſeat of re- 
markable pain in the human body; and, I 
cannot help thinking, that, in other ex- 


amples, where he endeavours to aſſign 4 


different ſeat of the painful ſenſation, he is 
miſtaken, and is laying the foundation of 
dangerous practice. It will, eee of 


5 worth while to examine theſe caſes. 


1. H imagines that the pain, Gwelling, 


Ae tem of the arm, which have 


ſometimes followed the opening of the me- 
dian vein; muſt have proceeded, not from 
à wound of the tendon of the biceps muſcle, 


but of the median or ſome other nerve. 
But, if this were the caſe, why-ſhoald not 


fimilar ſymptoms ſometi mes follow blood- 
. ee or jugular veins? In o- 
| ns 
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pening the jugular vein, ſome nervous ſi- 
laments are frequently wounded, and often 
occaſion a. ſharp: pain, as if the point of the 
lancet had been left in the wound; this, 
however, goes off in a day or two, or ſoon- 
er, without leaving any bad conſequence. 
But the miſchiefs which have followed 
blooding in the median vein are of a dif- 
ferent kind. Tho' little or no pain is felt 
at firſt, yet afterwards, not only the whole 

arm is violently pained and ſwelled; but a 
particular hard ſwelling is often formed in 
the place where the wound was made, from 
which a thin lymph iſſues; and the patient 
does not recover the full uſe of his arm for 
ſeveral months; nay, ſometimes loſes the 
motion of the elbow. joint altogether. 


And that a wound in the tendon is, aäÿt 


leaſt, ſometimes the cauſe of thoſe ſym- 
ptoms that follow blood-letting in the 
flexure of the arm, appeared evidently in a 
patient who died im this plate, ſome years 
ago, of a fever occaſioned by the pain, 
ſwelling, and inflammation conſequent up- 
on opening the. median vein of the right 
arm, the tends bicipitis of which was: wel. 
led to near ten times its natural bulk. 


\ > 44. ov 2 [2508 4,5 N ai 223m OV + 
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? Hos very ſenſible tendons-may become, 
n inflamed, appears from various ob- 
ſervations; particularly one mentioned by 
the Baron Van Swieten, of a Nobleman who 
was ſeized with moſt terrible convulſions 
over his whole body the moment his ſur- 
geon took hold of one of the'tendons near 
his- ancle, miſtaking it for a oer, hw 
fatty membrane “. 

2. Oun author aſcribes the ende 
gout to the ſkin or ſubcutaneous nerves, 
and not to the cap/uls or ligaments of the 
nts affected. But does not the rigidity 

of the; joints, which the gout at laſt pro- 
duces, ſhew, that its ſeat is deeper than the 
ſkim or nerves below it; and that the liga · 
ments of the articulations, and tendons of 
the muſcles Which _ . mme 
arc affected? N e 
Wu one pal bis wriſt rb 
r felt immediate - 
ly; but ſoon after, when the over-{tretched 
parts begin to ſwell and inflame, a conſider- 
able pain enſues, which is greatly increa- 
fed if the joint be moved. Does not the 
pain in n on A er eee from the 
aa enn l £53158 over: 

* "Mey in $999 bias; vol. 1. p. 241» 
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over«ſtretched gaments or tendons? lt 
will be hard to perſuade phyſicians, that it 


is owing to any hurt received by the ſkin 


or ſubcutaneous nerves. And, if the liga- 
ments or tendons may be affected with 


pain from being too much ſtretched, why 


may not they be the principal ſeat of that 
pain which _— OR pa- 
tient? 

. in a joint Send 
give ſharp pain before they pierce the cap- 
ſular ligament, and before the {kin is much 
ſtretched or red. Further, without allow- 
ing ſenſibility to the ligaments, let any one 
try to explain what my learned colleague 
Dr Manro ſenior, and, I dare ſay, many o- 
thers have oftener than once ſeen in prac- 
tice, A pea- iſſue, for a dropſy of the knee, 
put in with a cauſtic or a knife, and dreſſ- 
ed with the pea a conſiderable time, crea- 
ted little uneaſineſs to the patient; but, af- 
ter a puncture of a lancet made, very near 
to where the iſſue was, through the capſule - 
of the joint, tolet outthe water, moſt rack- 
ing * and inflammation enſued, which 

8 N | 
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brought; the patient to the brink wy the 


TAE . - 
Ov author. is a 8 that the 
| indie dura mater cannot be the ſeat of 


a headach or phrenitig. But how little ſen- 
ſible ſoever this membrane may be in a 
natural ſtate, yet, if it may be affected with 
pain as often as it is inflamed or obſtruct- 
ed, it may ſtill be, in many caſes, the ſeat 
of thoſe diſeaſes. In patients who have 
died of a Pbrenitis, the dura and es mater, 
as 


9 neee this M. oh Haller hon Pa pro- 
per to remark, that Mr Warner, who is much bettet 
? acquainted with ſurgery than Dr Whyte, recommends 
the opening the capſular ligament as the only effefual 
cure in a dropſy of the articulations (aj). The impro- 
priety of this remark muſt appear in a ſtrong light to 
the reader, when he obſerves that what I afſert here is 
folely upon the authority of Doctor Monro ſenior, 
whoſe ſkill m ſurgery, .25 well as his accuracy in ma- 
king obſervations, is too well known to be called in 
queſtion. BY 

But further, the pains which followed the _—_ 
of the capſular ligament in the only caſe which is men 
tioned by Mr Warner, though they were leſs violent 
than is uſual in ſuch caſes (6), ſhew that this ligament, 
however little feeling it has in a ſound Rate, may, 
ehen diſeaſed, become the ſe>t of painful ſenſation. 

(a) Memoires fur les parties ſenſibles, vol. iv, p. 35 

£3) Vid. Philo, Tranſact, xx. p. 455 


Ohler vation on Senftbillty. 123; 


as well as the cortical ſubſtance. of the 


brain, have been found inflamed, ſuppu- | 


rated, and 'mortified : and in thoſe who, 
after recovering once and again of a phre- 
nitis, have died of other diſeaſes the dura 


and pia mater have been found" LY 5 


thicker and harder than uſual &. 

As the headach generally Aeg fe> 
vers often begins ſeveral days before any 
ſigns of a deliriumappear, we cannot aſcribe 
it to an obſtruction in the cortical part of 
the brain, but in the dura or pia mater. 
Nor can this headach have its ſeat in the 
exterior teguments of the ſkull; other- 
wiſe the pain would be increaſed by preſſ- 
ing the part chieffy affected, as often hap- 


pens im thoſe periodical headachs which: 


ſeem to have their ſeat in the fabouta-. 
neous nerves, or pericrani um. 

LasrLx, M. de Haller thinks, that che i in- 
tercoſtal muſcles, or large nerves running 
between the ribs; are the ſeat of the pain 
of the pleurify, and not the pleure- rtſel 
which is inſenſible. But, if this mem- 


brane, e its ſmall degree of 

L2 ſenſibility 
Van Swieten Comment. i in Boer, Aphor, vol 2. p. 
69 4+ 8 | . 8 wy 
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ſenſibility in a found ſtate, may be affected 


with great pain when inflamed; it will 


| hardly be doubted that it is ſometimes the 
teat of the pleuriſy: fince, in patients who 
have died of this diſeaſe, the pleura has 
deen found inflamed and ſuppurated *. 
Bor, beſides the inſenſibility of the plæu- 
ra, M. de Haller has brought another very 
plauſible argument to prove, that the pleu- 
riſy can never have its ſeat in this mem- 
brane, viz. the patient's feeling the greateſt 
pbioain in inſpiration when the ribs are brought 

nearer each other, and conſequently when 
the pleura is leſs upon the ſtretch than it 
was in time of exſpiration. But this learn- 
ed author has long ago. very juſtly obſer- 
ved, that ordinary and gentle inſpiration in 
men, is chiefly performed by the dia- 
phragm, while the intercoſtal muſcles are 
{carce employed at all f: wherefore in in- 
ſpiration, which pleuritic patients perform 
with great caution, the ribs may be ſup- 
poſed to alter their ſituation very little]; 


but, 


van Swieten Comment. vol. 3. p. 8. 
+ Praelect. in Inſtitut. med, Boerhaav. vol. iv. No. 
615. not. (a). 
1 it is ſomewhat fencing, that M. de Haller 
Hould have mentioned the approach of the ribs in in- 
| "  ſpiration, 


v. No. 


Haller 
in in · 
ration, 


but, as the inferior part of the pleura muſt 


he ſomewhat ſtretched by the deſcent of 
the diaphragm i in inſpiration, it is no won- 


der the pain ſhould be then moſt acute. 
IN women, eſpecially ſuch as are preg- - 


nant, who uſe the intercoſtal muſcles more - 


in ordinary inſpiration than men, the pley- 
a will be more ſtretched at that time than 


during exſpiration; becauſe the cavity ot 


the thorax is increaſed in wideneſs and 
depth, as well as lengtn. 
Wirt regard to what M. de Halle: ſays 
of the ribs approaching each other” in in- 
ſpiration ; though this is certainly true of 
the ſuperior ribs, yet I have ſome doubt, 
whether it be ſo in the inferior ones: for, 
in a very full inſpiration, I can with my 
lingers plainly feel the fix or ſeven infe- 
rior ribs recede from each other, and ap- 
proach again in the neee ip 
n . 35 5001 | * 

ſpiration, as an argument to ce that the pleurit 7 
never has its ſeat in the pleura : aſter having formerly - 
told us, that pleuritic patients don't uſe the intercoſtal : 


muſcles at all, but-breathe by means of the diaphragm 2 


alone. Praelect. in.Inſtitut. med. Boerhaav. vol. iv. 
No. 64 5. not, (a), and No. a9. not. (e). 
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tion x. Wherefore it muſt appear, chat the 


ſpiration can be no proof, that the diſeaſe 
has not its ſeat ſometimes in the pleura, 
Ueo the whole, although M. de Haller's 


experiments clearly ſhew, that ſeveral parts 


of animals are poſſeſſed of a much more 
obſcure degree of feeling than has been 
commonly imagined; yet it is hoped, the: 


reader will, after weighing what has been 
aid, be far from pronouncing them altoge- 


ther inſenſible, or condemning the uniform 
opinion of phyſicians in all. ages concern- 
ing the parts which are affected in many 
baten; and, inſtead. of it, embracing a 
dofrine which is far from being ſufficient- 
ly. proved, and may, if made a foundation 
for Practice. be of fatal conſequence, 

S A RT 


* Thereaſorf Why not only ths fall ribs, 1 alſo 
ſome of the true ones, rather recede from than ap- 
proach euch other in inſpiration, may. be underſtood 


. trom-what is briefly ſaid concerning the motions of the 


rhorax, by. Dr Monroe, in his Anatomy of the bones, 
edit. 85 P. 242. | 


. R . u. 


of Irritability. ; 
SECT. IL 


\ LTH 0 many of the parts compoſing 
the human body are endowed with a 
confiderable degree of elaſticity, whereby 
they reſtore themſelves when over-ftretch- 
ed; yet muſcular fibres alone are poſſeſſed 


af a proper contractile power, which is ex- 


erted, in conſequence either of an effort f 
the will, or of ſome ſimulus applied to 


them or their nerves: by the former, vo- 
luntary motion is produced; by the latter, 


in voluntary *. The learned M. de Haller, 


who chuſes to call the contractile power 


of irritated muſcles by the name of Vrri- 


tability, has, by a variety of curious experi- 
ments upon living animals, ſhewn, that it 
is a property of all muſcular fibres; and 
that no part, which is not muſcular, 1s 15 
ritable, although, of the muſcular pa 
ſome are more and others leſs ſenſible of 
irritation. But when, in his N | 
, * _— 
vid. an Eſſay on the rok motions, &c, ſect. i. 
. enn 


* 


veins, and excretory ducts of the glands, 
we cannot help differing greatly from him: 


— 
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off thoperit of the body that are or are not 


irritable, he allows irritability to the lacteal 
. ., veins, mucous glands, and ſinuſes, and yet 


denies it wholly to the kidneys and ure- 
ters, and almoſt wholly to the arteries, 


ſince theſe laſt parts are, at leaſt, as much 
muſcular as the former; and ſince our 
learned author's experiments on living 
and dying animals ſhew neither the one 
8 the other to be irritable “. 

FzaT the ſmall arteries are not deſtitute 


of irritability, may be demonſtrated by un- 


doubted experiments. Thys, when an a- 


crid cataplaſm is applied to the ſkin, or 
ſpirit of wine to the eye, whence proceeds 
the inflammation which is ſoon produced 


in the ſkin, and almoſt inſtantly in the 
eye? Not, ſurely, from any increaſed force 
of the heart or larger arteries, but from 


the irritated veſſels themſelves, which are 
agitated with ftrong alternate , vibratory 
- contractions; by means of which the mo- 
ment of the blood in them is greatly increa- 


ſcd, and red * are puſhed into thoſe 
2 5 5 


Act. Fe vol, i ii, p. 139.— 143. ED 
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veſſels which, i in a ſound ſtate, only n receive 
ferum or ht N 7333 
bn 


. M. S Haller ſays, that ho inichelolof the ſmalt 
arteries, if they are hollow muſcles, ought rather to 
empty them than increaſe their diameter (a). But a 
little attention will ſhow this opinion to be il}-founded. 
If an irritated artery could empty itſelf as eaſily as the 
bladder of urine, and were as flowly ſupplied with new 
fluids, an irritation of it would have the effet mention- 
ed by my learned adverfary, But fince the arteries are 
ſurniſhed with a continued ſupply of blood from the 
heart, it is eaſy to ſee, that as often as by any conſider 
able /fimulus the alternate contraclions of the ſmall 
arteries of any part are gfeatly increaſed, the force of 
the blood muſt not only be augmented, but theſe arte- 
ries, as well as the ſmaller lateral branches which they 
fend off, muſt be enlarged in their diameters, and con- 
tain @ greater quantity of fluids than uſual, i. e. the 
part will be inflamed, 

The increaſed heat, ei and pollätion in an in- 
flamed part can onfly be conceived to happen, either 
from an increaſed force of the heart and larger arteries, 
or of the ſmall veſſels themſelves. But we know that in 
many topical inflammations from external cauſes, the 
force of the heart and large arteries is not altered; 
wherefore the inflammation mult in ſuch caſes bs ſeri» 
bed to the increafed alternate motion of the ſmall veſ- 
ſels themſelves ; for their continued ſpaſmodic contrac · 
tion would occaſion à ſen ſe of cold and a paleneſs, not 
a heat and redneſs. 

| Laſtly, 


{a) „ for les parties ſenſibleß, &c. vol. iv. p. 1 15. & 114. 
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Non can we conclude: that the arteries 


are deſtitute of irritability, - becauſe the 


aorta was not obſerved to contract itſelf 
when pricked with a ſharp inſtrument, or 
touched with acrid liquors “; ſince the 


fame is true of the mucous glands and ſi- 


nuſes, which yet our author allows to be 
irritable f. And it is not improbable, that 
the ſmall capillary arteries may be more ir 


ritable than the aorta or larger ones; be- 
| cauſe their muſcular coat, as it is called, 1 13 


much leſs firm and tendinous. 

FARTHER, M. de Haller reckons the lacteal 
veins irritable, becauſe, after death, they 
contract themſelves ſo as to expel the chyle 
and become inviſible ; but do not all the 
arteries: of the body, ſmall as well as great; 
alſo contract themſelves after death, and 
pas moſt of 1 8 0 forward into the 

veins? 


Kath. al: an irritation of the ſalivary and lachry- | 
mal veſſels, and of the mucous duRs and finuſes, in- 


creaſes the motion of the fluids in them, it will be dif- 


ficulc to give a reaſon why it ſhould not have a ſimilar 
effect in the ſmall arteries wy where through the 


body. 


Ac. Gottingen. vol. it, p. 11. Es \ A * 
+ Id. p. 143. 
7 Ibid. p. 142 
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veins? And is not this coarctation of the 
lacteals owing more to the elaſticity of 
their coats now increaſed by cold, than to 
2 proper muſcular contraction? However, 
he WW if the lacteals be irritable, as is, I think, 
very probable, though for other reaſons 
be than the one now mentioned; it will fol- 
hat low, that the lymphatic and other veſſels 
1. I of the body are ſo likewiſe: for the lacteals 
i are only a kind of lymphatic veins ari- 
» 15 MF ſing from the villous coat of the guts, 


which, on account of the colour of their 


cal W fluid, have got the name of /afeal. Nor 
Ley have we any reaſon, from their muſcular 
Ne I} firucture, to aſcribe irritability to the lac- 
the teals and thoracic duct, more 


eat, other veſſels of the body WR 

and Wirz regard to the ya all on 
the obſerve, that, ſince the alternate contrac- 
ns? tions of the trunks of the v ve near the 


vrobable that the other veins are A 
deſtitute of it. I | 
u the 
25 denies any proper motion to the cava, and 
aſcribes its ſeemi ng alternate dilatation to 
| q the 


- 


at M. de Haller 


* 
% 
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the blood puſhed back into it by the con- 

traQting auricle *, But, if this were true, 

how. could the cava contract five or fix 
times before the right auricle performed 
ſo much as one pulſation, as Steno has ob- 

ferved in rabbits f? or how could it poſ- 

fibly continue. its alternate motions, not 
only for a conſiderable time after the right 
auricle had ceaſed to move i, but even af- 
ter the heart, together with this auricle, 
was intirely ſeparated from it ? Theſe 
facts ſhew fo clearly that the motions of 
the vene cave do not proceed from the al- 
ternate contractions of the right auricle, 
as to make any further obſervations on our 
learned author's miſtake, as to this . 
. needleſs * 


| . 


» Prime en edit. a. vo. iii. 

+ Bartholin, Fpiſt. med. cent. iv. p. 3. 

+ Bartholin, Epiſt, cent. iv. p. 1 10.; and Er on. 
vital and involuntary motions, p. 354. | 

{| Was dv wats Tg: ad; fin.; — Bartho- 
lin. p. 783. 

M. de Halter in his later writings, 4 
* motions of the vena cava to be owing: to its own 
| fibres; and has further ſhe wn that the pulmonary veins 
near the left ventricle of the 1 are endowed with 
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aa not the ſudden flow. of pale urine - 
in hyſteric caſes, and the increaſed deriva- 
tion of ſaliva into the mouth of a hungry 
perſon from the taſte, or even the ſight of 
grateful food, ſhew that the ſecretory vel- , 
ſels of the kidneys and excretory ducts of | 
the ſalivary glands are, in ſuch caſes, agi- 
tated with an unuſual oſcillatory motion, 
and conſequently not deſtitute of irritabi- 
lity? Nor ought M. de Haller to have denied 
this power to the veſſels of the kidneys and 
excretory ducts of the glands: ſince he al-. 

lows it to the — — glands and mu- 
cous ſinuſes, becauſe they pour forth their 
fluids more copiouſly when ſtimulated; 

although his experiments diſcovered no 
ligns of irritability in them r. | 
Wu a ſtone. paſles: from the FA ek | 
to the bladder, does not the irritation of the 
* ſtone Neuen ſome kind of ſpaſmo- | 
70 M dic 


the ſame power: it from. his DU on this e 
the reader imagine that J. de Haller hid 
never aſeri d wh motion of the vera cava to its dila- 
tation by blood puſhed back into it by the right au- 
ricle, and that I had charged him falſely with this OPi- 
nion (a); „ which nevertheleſs i is to be found in No. cxiii. 
of the ſecond edition of his Prime lines 7 fclog. 
Act. Gotting. vol. ii. p. 143. 


(a) Memires fur les Parties ſenſibles, vol, ir, p. 116, 117, 
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dic contraction in the ureter: and does not 
2 large doſe of opium facilitate its paſſage, | 
by abating or deſtroying the painful feel- | 
ing, and conſequently leſſening the con- 
_ friction of the ureter? This canal, there- 
fore, ſeems to be poſleſſed of ſome kind of 
irritability, notwithſtanding M. de Haller 
tells us it was, in' the animals he opened, 
inſenſible of the ſtimulus of oil of. vitriol . 
Ir our author's experiments diſcovered 
no kind of irritability in the blood-veflels, 
lacteals, glands, and mucous finuſes, it will 
not follow that the iris is deſtitute of this 
power, although it did not appear to con- 
tract when irritated with a knife f. 
Tux Doctor adds, that the dilatation of 
the pupil cannot be owing to any muſcular 
power, becauſe it becomes wideſt at death 
or immediately after it ||. I have elfewhere 


| obſerved Gas the dilatation of the pupil is 
| , owing 


* AR. Gotting. vol. ii, p. 142. 

As a further proof of this, my "RP colleagie 
Pr Alexander. Monro junior informs me, that in a 
pig which was ſtrangulated and half dead, he obſerved 
the ureter to contract very remarkably, when he rouch- 
ed it with the point of his finger ; nay, when he moved 


the point of his finger aa of the uketer, 


a ſucceſſive contraction of this kanal was produged * 
above downwards. | 
43 Ad. Cotting. vol. it, p. 143% bid. iy 7, 
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owing to the longitudinal fibres of the 
ea," Which, by their natural contractility, 
retract its edges, when the orbicular muſcle 

is not excited into contraction by the action 
of light on the retina * :. at death, there- 
fore, when the eye becomes inſenſible, the 
pupil muſt be very wide; but, ſome time 
after deathly as the accurate Winſlow has al- 
ways obſerved +,: and I have alſo ſeen the 
pupil become narrower, : becauſe the lon- 
gitudinal fibres of the uuea loſe their tone, 
become: . and are N . Nor 


Ma does 
* Hao on Giadl cadchons. ſect. vii. 


Memolres acad. des ſciences 1721. edit, gvo. p-. 41 6. 


I M. de Haller mentions in ſeveral of his experi- 


ments, that he obſerved the pupil very wide in animals 
not only at the time of death; but for ſome hours after 

Nor is this inconſiſtent with Minſtoau's having al- 
ok conſtantly found the pupil of a moderate ſize in 
the human body a day or two or perhaps longer after 
death ; for the pupil, which continues wide for ſeveral 
hours after death in men, as well as in other animals, 
becomes narrower as ſoon as the fibres of the wvea have 
loft their tenſion and elaſticity : Nay, I have obſerved 
the pupil, after having been remarkably wide and de- | 
ſtitute of all motion for ſome time, become narrow even 
a day or two before death in two bays who died of a 
dropſy in the ventricles of the brain, In theſe patients, 
„ A 8 
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does M. de Haller ſeem to hive" attended 0 
what is faid in page 1 rt. and 129. of my 
Effay on the vital motions, &. when He 
mentions the dilatation of the pupil at 
death; as a clear proof that it is not owing” 
to the contractile power of the fibres of the 
ue; ſince this very dilatation of the pu- 
C Hon ſome 
time after death, demonſtrates the truth of 
What T have advanced. But, after all, if 
the dilatation of the pupil be not owing to- 
the elaſticity or natural contractility of the 
radiated fibres of the uvea, To what cauſe 
can it be aſcribed ? For tis preſumed, our” 
author has given up his notion of the a- 
queous humour preſſing the edges of the 
pupil outwards, as being contrary to the 
known laws of hydroftatics. It may not, 
however, be improper to obſerve here, that, 
althou ugh we ſhould e the uvea to be, 
eee racy: 


a cordiat julep, ROY the papil inſtantiy as wide as it 
is obſerved to be in x confirmed gutta ſerena; but ſoon 
after, it became narrower again; which is a ſufficient 
proof that the dilatation of the pupil, in this caſe, was- 
owing to a contractile power communicated: to the fi- 
bres of the wvea, by the fimulus of the volatile ſpirits 
or cordial ;. while its coarctation afterwards was only 
the conſequence of the «vza being more relaxed, 
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to ſtrictly ſpeaking, not muſchlar, but only a 
my cellular membrane; yet, like the dartos of 
11 the ſcrotum, it would, by its elaſticity, re- 
Tg tract the edges of the pupil as ſoon as the 
ing cauſe contracting it ceaſed to act. And al- 
is! though, at the time of death, the pupil 
MY would hence be rendered very large, yet 
88 ſome time after it, when this cellular ſub- 
of ſtance began to loſe its elaſtic power, the 
7 pupil would become narrower. 
* M. de Haller, becauſe he cannot diſcover 
he ny orbicular muſcle ſurrounding the edge 
uſe of the pupil, concludes there is none; and 
| aſcribes the contraction of this part to a 
ſtronger influx of fluids into the ſmall veſ- 
ſels of the une, occaſioned by the ſtimulus 
of light acting upon it. The inſufficiency. 
of this hypotheſts we have ſhewn elfe- 
where &; and ſhall only add, that, as we 
conclude from the various. motions of ma- 


aly ny of the ſmaller inſects, that they are, as 
4. + well as larger animals, endowed with muſ- 
don cles, though, we can neither demonſtrate 


theſe inſtruments of motion by the anato- 
mical knife, nor by the aſſiſtance of the 
microſcope, ſo we may infer the exiſtence 
of the orbicular muſcle of the av ν. from 


* Effay on vital motions, p. 127. Cc. 
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the regular motlons of the pupil, althougli 


its texure may be ſo delicate as ſcarcely 


to be diſtinguiſhed by the anatomiſt n 


a denſe cellular membrane. 
Bur to. return; there . 3 


| Sn advanced by our learned author, in 


his account of the irritable parts of the bo- 
dy, which, though not ſatisfactory, we 
Hall paſs over ; and proceed to conſider 


M. 5 Haller has copenfaning. me as s ſaying, That 


the contraction of every muſcle of the body is interrupt 


ed with alternate relaxations (a): whereas, in p. 20. 
257. 260. and 261. of my Eſſay on the vital motions, f 
have expreſsly excepted the /phinfer pupille, muſcles 


of the internal ear, and ſome others, whoſe contraction 


is owing to a //imulusr acting on ſame neighbouring or 


_ diſtant part. I have indeed affirmed, That thoſe muſ. 


cles to whoſe fibres a fimulus-is immediately applied, 
are always agitated with alternate contractions and re- 


laxations; and M. de Haller himſelf agrees with me in 


this, when he ſays, that all muſcles, not ſo much. as 
one excepted, that he knows of, tremble and palpitate 
aſter death, and are alternately contracted and relaxed 
(AR. Gotting. vol. ii, p. 139. and 144). The blad- 

der of urine, however, ſeems to differ from the other 
muſcles or muſcular organs in contracting uniformly 
and without any alternate relaxations, when it is prick» 
ed or expoſed to the cold air, in animals a dying 


Or 
3 AF. TRE: > 5 ii. p. 145. 


— 
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5 Is my Effay on the vital and involun- 
e ! aary motions of animals, I had endeayour- 

** ed to ſhew, that ſtimuli applied to the 
muſcles of animals excite them into con- 


traction, by producing an uneaſy feeling 
That in them or their ner ves; but M. de Haller, 
who thinks irritability an innate property 

of muſcular. fibres, contends, that it does 
not depend upon the. nerves, and has no s 
connection with ſenſibility : ;p: 7 

1. BEcavst the moſt ſenſibſe parts, ſuch 
a3 the nerves and ſkin, are not irritable *. 

2. BECAUSE the irritability of our or- 
gans is obſerved to be in proportion to 
their ſenſibility . And, er 

3. BECAUSE 
or newly dead (a). In this reſpect the bladder reſem- 
bles the darths ſcroti, which is excited into a continued 
contraction, and furls up the ſcrotum, when cold water 
and aſtringent or acrid liquors are applied to it, or 


when the ſkin of the den is gently rritaed by XY 
tillatiog,, © SIT? 155 | 


1 AR. -:-- ht It. p. 134. i N irre 
+ 1bi@; p. 13 ; | 
(a) AR, Gotting. vol, 2. P. 142 . and 145, 


leſs it be nes we call muſcular . 
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3. Bxcavss parts. deſtitute of feeling 


are irritable #, 

WIr regard to the firſt of theſe, ſince 
mne are the only organs of the body 
which, by their particular fabric, are fitted 
for motion, it is ſo far from being a won- 


derful diſcovery, as our author ſeems to 


think, That the nerves are deſtitute of irri- 
tability, that it is only a neceſſary conſe- 
quence of their make; for a power of con- 
traction des not depend on ſenſibility a- 
lone, but upon this in conjunction with, 4 
particular ſtructure. 

Tux proper anſwer therefore to this 
firſt argument is, That, altho? irritability 
always infers ſome degree of ſenſibility, 
yet ſenſibility does not infer irritability, 
unleſs the part be, by its peculiar fabric, 
fitted for motion, i. e. in other words, un- 


ALTRHO' 


Act. Gotting, vol. II. P. 1 79. 

_ + Notwithſtanding what is ſaid here to ſhew that 
ſenſibility does not infer irritability unleſs in parts 
which are muſcular, M. de Haller has accuſed me as 
being guilty of a groſs inconſiſtency, when I ſay irri- 
tability is proportional to ſenſibility, . becauſe I ac- 
knowledge the nerves to be an of _ en. 

3 See 


141 
Arno the ſkin is not irritable in the 
ſame ſenſe that the muſcles are; yet the 
infammation and pain raiſed in it 'by bli-: 
ſters and other acrid applications ſhew, 


that it is very readily fretted or irritated | 
by Htimulti. The ſkin, when ſtimulated, is 


not brought into alternate contractions, 
becauſe it is not by its ſtructure made ca- 
pable of this kind of motion; but it be“ 
comes red, is inflamed; and pours forth its 
liquors ſo copiouſly;' as to ſeparate the 
Carfſkin and raiſe it in the form of a blade f 


— 


veſſels,” of Which it is in a kreat Men 
compoſed, partake of a muſcular nature, 
and are, like the larger muſcles, excited 
into alternate contractions by im.. 

FukTHER, the dartos' or cellular mem 
brane of the ſcrotum is cbntracted uniforms 


ly, when expoſed to the cold air or other 
/imuli ; and the fin; from the application 
of cold air or water, ſeems likewiſe to ſuf- 
fer ſome kind of cafitriRion," my Which 
Ws 203 11 Sn CES ! (445 * means 
See Mollie far tes fatties fool. Ke. volk iv. p. 
118, There is no inconſiſtency in what 1 have ad- 
vanced on this head; and ſurely nothing but inadver · 
tency could have bin the occafion of M, de Haller's 
miſrepreſenting me in the manner he has done. 
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means it is raiſed into tubercles reſembling 
the ſkin of a gooſe. When cold water is 
ſuddenly, and without one's knowledge, 
applied to a part of the body that is warm, 
there is excited inſtantly a kind of fhiver- 
ing which ſpreads over the whole body; 
and not only the pores of that part to 
Which the cold water was applied, but alſo 
of the whole body, are contracted. Do 
not theſe examples ſhew that the dertos and 
ſkim ars affected by ſimul, and confequent- 
Ix irritable, though not in the fame fenſe 
that the uſcles are? The irritability of 
the parts of the human body, therefore, may 
perhaps be not, improperly diſtinguiſhed 
ito three kinds: vs. That power of ab 
ternate contraction which is peculiar to 
thoſe organs we call muſcles; that uniform 
conftriction which: happens to the dartos 
and pores of the ſkin; and that redneſs and 
inflammation which is excited in every 
part of the body that is ſenſible, as often 
as acrid things are applied to it; although 
indeed this laſt is only an effect of the firſt 
| e eren r of 
the e = | 
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As to the ſecond arg vis. That 
irritability is not obſerved to be in propor- 
tion to ſenſibility, our author has been very 
unlucky; fince an inflammation of any ir- 
ritable organ, which increaſes its ſenſibility, 
is always obſerved to make it more irrita- 
ble, as will be ſhewn afterwards by a variety 
of examples. The Doctor, however, in 
proof of his aſſertion, tells us, that the 
ſtomach is more ſenſible than the inteſtines, 
and yet leſs irritable; and that the heart 
itſelf is endowed with no acute feeling, 
and, when touched in a living perſon, oc. 


caſions fainting rather than pain *.. 


Tuk ſtomach has a particular feeling 
whereby it is very diſagreeably affected by 
things that, as far as we can judge by our. 
taſte or ſmell, have very little acrimony: 
it is the principal ſeat of hunger; and, as 
when we- have wanted food for any con- 
ſiderable time, it is affected with a more 
diſagroeable ſenſation. than the guts, ſo 
likewiſe it is more ſenſible of an agreeable 
feeling from grateful food: and in theſe re- 
ſpects, it may be faid to be more ſenſible 
than He ng] . W | 

| t 85 


. a0. Seating: vol. II. * wage. 
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this, the inteſtines ſeem to be as ſuſceptible 

of pain as the ſtomach, or indeed, any o- 
ther organ of the body; an inflammation 
in them is as painful, if not more ſo, than 

in the ſtomach; and jalap, ſenna, and other 

| {mart purgati ves, which ſeldom occaſion 
any pain in the ſtomach, often allect the 

guts with ſevere gripings. 

Wir regard to the heart; Dr Harvy 
ſeems too haſtily to have concluded it to 
be void of feeling, becauſe the young No- 
bleman whoſe heart he touched ſcarce felt 
any thing at all; for what this great man 
put his fingers to, was not the ſubſtance of 
the heart itſelf, but an inſenſible callus co- 
Lerne and Safending! it K. A truth of 

21 n Hut era MER: the 

o Becauſe a teſticle covered with a callus or — 
ſubſtance is ſometimes very ſenſible when touched, MM. 
de Haller ſeems to think that the ſmall degree of feel. 
ing in the heart of that nobleman mentioned by Harvey 
could not be owing to jts callous covering (a). When 
a part which is covered with a callus is inflamed, it 
will doubtleſs be painful when touched; nay, preſſing 
even the nail gives pain when the nerves below it ate 
inflamed : But to. ſay /in general that any part ſhould 


be redered more ſenſible by its being ſurrounded with 


a callus, is ſuch 'a paradox as it would be to affirm 
() Element, Ene vol. 1. p. 489, 5 
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the matter is, that, as the ſkin, although 
one of the moſt ſenfible parts of the body, 
ation W feels no pain from a flight preſſure or attri- 
than W tion, becauſe it is defended by the inſenſi- 
other W ble epidermis;\ ſo the heart, when gently 
aſion touched, feels little, becauſe it is covered 
with the inner lamina of the pericardium, 
which, like other membranes of the body, 
has but a ſmall degree of ſenſibility *. In 
like manner, the external ſurface of the in- 
teſtines is rendered leſs ſenſible than it 
would otherwiſe be, by their being invol- 
ved in the meſentery; and hence it is, that 
the woman mentioned by Peyerur felt no 
pain when her inteſtines were handled by - 
him and Wepferns + But, although the 
outer ſurface of the heart and inteſtines 
may have na great degree of ſenfibility, it 
will not thence follow, that their internal 
ſurface, where the natural fimuli exciting 
their motions act upon them, is not en- 
dowed with a more exquiſite feeling: nay 
the is — probable, if not al- 
together 


chat the 3 of a blackſmith bel; more acutely than 
thoſe of a delicate woman. 


® AR. Gorting: vol, II. p. 130. - 
} Parerg. anatom. exercitat, 1. cap. iv, | 
* 


95 
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together certain. M. de Haller himſelf has 
obſerved, that the heart is much more af 
fected in animals dying, or newly dead, by 
the gentle ſimulus of warm water or air 
puſhed into its ventricles, than by apply- 
ing the moſt acrid liquors to its external 
ſurface, or even pricking it with the point 
of a knife *; and it will appear from an 

periment to be mentioned afterwards, 
that, in ſome caſes, the ſtimulus of the blood! 
within the cavities of the heart will excite 
a tremulous motion in this organ, when. 
oil of vitriol applied to its external — 
has not the leaſt effect this way. 

Wirt regard to the conparddivits * | 
bility: and irritability, of the heart and in- 
teſtines, it is not eaſy to ſay any thing cer- 
tain; nor is this needful; ſince from our au- 
thor' s experiments it does not appear clear- 
ly, whether the heart or inteſtines are moſt 
irritable 4 The motions. of the heart are 
indeed ſtronger and more frequently re- 
peated; but thoſe of the inteſtines con- 
tinue, in many animals, as e if not 
Jon ger, after death. 


F 
of, Act. Cottiog. val; I. fatto d.&4A ® 
15 At. S vol. u. p. 147. 742.5 © ha { 7 
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As for our author's third argument, viz. 

that parts deſtitute of feeling are irritable; 1 
there is not ſo much as one inſtance given, | 

nor indeed can be given, of a part being 
irritable that is naturally inſenſible and 
deſtitute of nerves *: but what he thinks 
equivalent to this, is, that muſcles continue 
an to be irritable, not only for ſome time af - 
rds, ter their nerves have been tied or cut, and - 
a ſo all communication between chem and 
cite the brain intercepted, but alſo after they 
hen have been intirely ſeparatedfrom the body. 
face And, indeed, it muſt be owned, thera a 
1 great deal of ſeeming weight in this agu. 
enſt- ment but that it is, nevertheleſs, incon- 
1 in- cluſive, has been alreaq new in the Taft N 
ſection of my Eſſay on is He au other inn. 
A 1 motions FY animals and will, 1 — 4 


t are dur author indeed N upon the authority 
; re- of Lupfius, the ſecundines and membranes of the ovur: 
Pl as irritable, and yet deſtitute of nerves. But, if irrita- 


bility, as he himſelf allows, be a property of muſcular 
not fibres alone, it will follow, chat the membranes of the 
| evum, which are not muſcular, cannot be irritable : 
As but, ſuppoſing they were both the one and the other, 
o Note it is not a clear point, that they may not be ſupplied 


7 hs with ſmall nervous filaments propaguee? to them nd 
11 means of the navel-ſtring, © 


* 
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appear ſtill more ſo na: get the —_— 
confiderations. | 
I. ALTHOVGH' the irvitabitity of avakilis 

continues, in a ſmall degree, for ſome time 
after their nerves are tied or otherwiſe de- 

ftroyed; it will not follow, as our author 
thinks, that this power does not depend 
upon, or proceed from the nerves: for, if 

this were ſo, one would expect that, in a 
living animal, where: the muſcles are all 
ſupplied with blood by the arteries, they 
 thould continue to preſerve their power of 

irritability, not only for a few minutes, but 
for many hours and days after their nerves 
have been tied or eut. Further, if the i ir- 
ritability of the muſcles were not owing, 
ſome how, ta the nerves or their influence, 
why ſhould an irritation of the nerves or 
medulla oblongata, radu ſuch nn 
convulſions? 

Tuxsx convulſions cannot be owing to 
the propulſion of any ſubtile fluid in the 
nerves towards the muſcles; ſince, as M. 
ge Haller and others have obſerved , theſe 
motions follow equally whether a nerve 
; going to any muſcle is tha LEY 

| or 

/ Cad. Cee wa 11. p 136. 


* 
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ing or downwards. If they were owing to 
2 the connexion or vicinity of the nerves to 
cles the muſcles, one would expect, that more 
1 remarkable convulſions ſhould follow from 
an irritation of the tendons than of the 
ner ves: the contrary of which, however, is 
true; for, While the irritation of a nerve 
produces ſtronger convulſive motions in 
the muſcles, than ariſe even from the la- 
ceration of their on fibres, the tendon, 
however pricked or irritated, produces no 
change in them *. The reaſon is plain; 
the tendon has little or no feeling, while 
the nerves has a very acute one. 
Bor further, it ought to be obſerved, 
that when, after decollation, a frog's ſpi- 
nal marrow is deſtroyed with a red hot 
wire, no viſible motion is produced in its 
limbs or body, by pricking, cutting, or 
otherwiſe hurting them: only, when the 
g to kin of the thighs was diſſected off, and the 
a the muſcles were irritated, their fibres were a- 
s M. | g$itated with a weak alternate tremulous 
theſe motion. Now, as the ſtrong convulſive 
nerve I Potions excited by irvitation in the legs 
wards and trunk. of the-body of a frog after de- 
| or ME We 53-07 | "1 7 collation, 
4 * AQ. "Conia = II. p. 140. ie 
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collation, are certainly to be aſcribed te 
the intire ſtate of the ſpinal marrow, ſince 
they ceaſe as ſoon as it is deſtroyed; Is it 
not highly probable, that the weak tremu- 
lous motion in the irritated muſcles of a 
frog's thighs, after the deſtruction of the 
ſpinal marrow, - were owing to the in- 
fluence or power of their nerves, which ſtill 
remained intire &? It ſeems alſo to deſerve 
particular notice, that, after the deſtruction 
of the ſpinal marrow, altho? the fibres of 
ſuch muſcles as were irritated exhibited 
a weak tremulous motion; yet there was 
no ſympathy between the different muſcles, 
or other parts of the body, as was obſer- 
- ved, While the ſpinal marrow was intire: 
from whence it ſeems to follow, that the 
nerves diſtributed to the ſeveral parts of 


the body have no communication but at 


their termination in the brain or ſpinal 
marrow ; and that to this, perhaps alone, 1 15 


owing 
. * As the A motions of = 3 in many 
animals, continue for a long time after the deſtruction 
of the brain and ſpinal marrow; Is it not probable, 
chat itsnerves are ſo conſtituted as to make its moving 
power leſs dependent on immediate ſupplies from the 
brain and ſpinal marrow, than har of the We 
muſcles? ' : 
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owing. the conſent, or ſympathy obſerved 
between them. | 

Uron the whole; the e alternate 
motions produced by irritating muſcles 
whoſe nerves have been tied or cut, by no 
means prove, that their writable power is 
independent of the nervous influence: they 
only ſhew, That theſe motions are not ow- 
ing to any new derivation of ſpirits from 
the brain into the muſcles at that time 
That the preſence of the nervous influence 
in their fibres is only. requiſite ; and that 


the ſpirits remaining in the nerves, - below 


the ligature and in the muſcular fibres, may 


be ſufficient to preſerve a cextain degree 
of irritability; or power of aten in an. 
for ſome little tim. 

M. oB HALLE further conthades e 


bility to be independent of the brain ang 


nerves; becauſe the ſmalleſt inſects, which 


have no head, are irritable &: but, if this 
argument was good for any thing, it would 


prove ſenſibility and voluntary motion to 
be alſo independent of the brain and 
nerves; for the ſmalleſt inſects ſeem to be 
endowed 1 feeling, and W 
ee 


* AQ, "ls: rol. ll p. 0. 
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perform voluntary motions. May not 


_ theſe infects which want a head have ſome- 
thing'to ſupply the place of a brain, from 
which the nerves may take their riſe ? Or 
may not the nerves be ſo formed in them, 


as to be ſufficient of themſelves, without 
a brain, for the purpoſes of motion and ſen- 


ſation? Arguments of this kind, which 
are drawn from our ignorance of the true 


ſtructure of animals, can be of no weight. 


4. M. DER HALLER, while he denies feeling 
to the dura and pia mater, allows it to the 
medullary fabſtance- of the brain *; be- 
cauſe, when it is wounded, the dies of 
the body are convulſed in an extraordinary 
manner. Now, if the ſenſibility of the me- 
dullary part of the brain in living animals 
may be deduced from the convulſive mo- 


tions which enſue upon hurting it, Are 


we not (our author himſelf being judge) 
co aſeribe feeling to the brain, even in ani- 
mals newly killed; ſince in theſe, the mo- 


tion of the heart is renewed by irritating 


the medulla oblongata, and the whole mu- 
cles wes the N= are en 1. N 


Act. Gotting. vol: II. p. 130, et 3 ; et Fran: 


linez phyſiolog, 2d edit. p. ues 
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ing the ſpinal marrow *? And altho', in 


animals newly dead, the convulſive mo- 


tions produced by irritating the medulla: ob. 
lngata or ſpmalis be weaker and leſs re- 
markable than in living animals; yet ĩt will 


by no means follow, that they are not in- 
dications of ſenſibility, and owing to the 
ſame cauſe as in living animals: for, as the 
death of the body, in general, ſoon puts an 


intire end to every kind of feeling and 
activity in the parts of moſt animals, ſo it 
is not to be doubted, that, immediately 


after death, theſe powers begin to be weak- 


ened ; wherefore the motions' OE to 


cen muſt be leſs remarkable. 


 FurTHER, if the convulſions 8 
by irritating a nerve in its natural ſtate are 


allowed by all to be a proof of its feeling, 
the like, tho? weaker, convulſions excited 


in the muſcles by irritating a cut or tied 


nerve muſt be an equal proof of its ſtill re · 
taining, in ſome meaſure, its ſenſibility. 
When all communication, therefore, with 
the brain by means of the nerves, is cut 
off, convulfive motions, which ariſe from 


a ſtimulus lh to any e are wan 5 


5 Kauu twpet, facies No. 330. et 233. 5 
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a proof of the ſenſibility of that part as it 


the communication were preſerved. And, 


if in che latter caſe, theſe motions may be 
juſtly aſcribed to the nerves, being hurt 
by the irritation, OI? RE 


in the former.” 
3. Bur here it n ber objeced;i How 
can there be any ſenfibility.or feeling in 


nerve whoſe: „ With the 


brain it cut off? TY SEO oY: TH: 
IN anſwer to which; it may de Luflicient 
to ſay,” That, fince we have ſtrong reafons 


for beheving that the parts of many inſectʒ 
continue to be ſenſible for a conſiderable 


time after they have been divided from 


each other *; and that the bodies of fome 


larger animals continue to live and feel af. 
ter they are deprived of their heads +: Why 
may not the muſcles of men preſerve ſome 
___ a en, Hank a few moments af- 
TH + BEEF 

Flies . and lay eggs . decollation 
2271 Uefulneſi of nee e te 2 


p. 16. 171 5 7 


_ +. Vipers continue for three dom aten hong Jeprivel 
of their head and heart, to be manifeſtly ſenſible of 


punctures, and move their bodies, when pricked, juli 


as intire vipers do; Boyle's Mt r of RK 
philoſophy, part 2. p. 16. | 


EC, 
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ter their nerves are tied or cut, although 
we may not be able to account for this, 
from any thing we know of the nature of 
the body, or of the manner in which the 
ſoul is e with, or acts . it *? 
7 Rxpr , 


* If 1 were allowed to indulge myſelf in conjectures 
concerning a matter of which I know very little, 1 
would ſay, that, although there can be no feeling: or 
perception in the brain when a nerve is pricked below 
where it is cut or tied; yet, if the ſoul be preſent every 


where in the body, as ſeems highly probable, there 


may be ſome kind of feeling or ſenſation excited in the 
nerve itſelf, which may be ſufficient to produce'a mo- 
tion in the muſcles to "which it belongs. 

Dr Stewart has produced ſeveral arguments to prove, 
that the inferior extremity of every nerve is to be con- 
ſidered as the brain of the organ or part in which it 
terminates ; and that the ſoul is not confined to the 
brain or any part of it, but is preſent every where in 
the body, equally in the extremities of the nerves, as 
at their origin; (Diſferr, de motu muſcular, cap. v.) 
And if this be ſo, as it may for any thing that can be 
ſue wn to the conttary, why may not a muſcle, whoſe 
nerve is tied or cut, continue, for ſome. little time, ſen- 
ible and-irritable ? Its ſenſibility will not indeed be at- 
tended with what is properly called conſciouſneſs, as 
diſtinguiſhed from Ample. ſenſation ; becauſe this reflex 
at, by which.a perſon knows his thoughts or ſenſations 


to be his. own, n, of che foul only exerciſed in 


the 
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Rxpi tells us, that the head of a viper will 
bite half an hour after it is cut off from the 
body, (Vid. Jacobai Obſervat. de rams et la- 
cert. 5. 58.); 1 1 . wo 1 

17 that 


1 * ne with which all communication is now cut 
off, a 

As the foul ſeems to imagine, judge, reaſon, K. re- 
member in the brain only; ſo, why may it not have, 
in the various other parts of the body, ſuch feelings or 
powers as are neceſſary for carrying on their ſeveral 
functions? Particularly, why may it not, in the muſcn- 
lar fibres, have the power of ſimple fenſation and of be- 
ginning motion? Or, which will amount to much the 
ſame thing, while the rational ſoul acts only in the 
brain, there may perhaps be, as ſome have thought, a 
ſentient active principle, which enlivens the whole body, 
and which continues to actuate the parts, for ſome time 
after their communication with the brain is ſtopt, i. 
a long as they continue in due order for being ated 
vpon by it. | 
The more probatie © opinion, however, ſeems to be, 
that the ſoul is equally preſent in the extremities of the 
nerves through the whole body as in the brain, In 
thoſe, it is only capable of feeling or ſimple ſenſation; 
butin this, it exerciſes the powers of reflex conſciouſuel 
and reaſon, When the communication of any part 
with the brain is cut off, the ſimple ſenſation of feeling 
excited in ſuch part is no longer perceived by the ſoul 


in the brain; and therefore is not attended with reflex 


conſciouſneſs: the nerves being now alſo ſeparated 


— 
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that a frog's head, after deing leparated 
from its body, not only continued, for a- 
bove half an hour, to move its eye. lids, 
1 ore muſcles of the lower Jaw, 

er ee ee e eh herd 
from hs 3 frog! WAY "_ to b their 
functions; hence the powers of ſimple ſenſation and 


motion in the part, if it be muſcular, ceaſe by degrees, 7 
till at laſt it becomes quite dead. The communica- 


tion, therefore, between the ſeveral organs and- the 
brain, is not only neceſſary to preſerve: their nerves, 
by. means of ſome influence tranſmitted to them in 


due order for. performing their functions and being 
properly affected by their ſeveral objects, but N that 


che ſoul, as a con ſcious and rational bein 
acquainted with theſe impreſſions. 


I. > * 
It will be unfair to object here, that we e aſcribe the 


— * 


intelligent powers of the mind to che bodily organs: * 
tor as the beſt muſician cannot make a flute give the 
ſound of a violin, nor a harpſicord that of a French 


horn, nor without theſe ſeveral inſtruments produce 
their ſounds and gotes at all; in like manner, the ſoul, 
in the preſent gail dan only exerciſe its rational powers 


in the brain; it can only taſte in the tongue, ſmell in 


the noſe, ſee in the eyes, hear in the ears, and feel hun- 


ger in the ſtomach. But although the imagination, | 


memory, and rational powers, depend upon th@brain ; I 


yet the brain does not imagine, remember, or reaſon : 
although taſte depends on the tongue, ſmelling on the y 


noſe, Wan on che ef 85 and en 3 on the ears; yet 


iT tler . 
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its brain or che fein of its head Was 
touched with a probe, but ſometimes mo- 
ved its eyes and eye-lids, -when nothing 
touched it, and as it were of its own; ac- 
cord; fo that, without an obſtinate degree 
of ſcepticiſm in this matter, we cannot 
deny that the head continues to be anima- 
ted for a conſiderable time after it is ſepa- 
rated from the body, and to perform not 
only involuntary motions when ſtimula- 
ted, but, in appearance, alſo voluntary 
ones. In like manner, the body of a frog, 
after being divided from the head, pre- 
ſerves the power of motion for above an 
hour; and when its hind feet or toes are 
cut, or otherwiſe hurt, the muſcles of its 
_ thighs, legs, and trunk are ſtrongly con- 
tracted, by which it raiſes its body from 
ings e m INES moves from one 
SE Nair 
theſe organs eicher taſte, fell ſee, EY Near but only 
that living ſentient principle which animates them. 
It may be proper to obſerve, that, whether theſe con- 
jectures, which are offered with a great deal of diff - 
dence, {hall be thought probable or not, the argu- 
ment concerning the irritable power of. the muſcles of 
ani will not be materially affected; ſince this mult 


be etermined, not by metaphyſical reaſonings, but by 
«experiments ang 1 Vid. ſect. iv. below. 
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place to another When the, muſcles of 


the thighs are pricked or cut with a knife, 
they are excited into contraction; but nei» 


ther they, nor the neighbouring muſcles, 


are near ſo ſtrongly convulſed as when the 


toes are wounded: Whence ſhould this 
happen; and why ſhould not the muſcles 
of the legs and thighs be more ſtrongly 
convulſed, when they themſelves are 


wounded, than when the toes are treated 


in the ſame manner? This would undoubt- 
edly be the caſe, if the motions of irritated 


muſcles were owing: to ſome property of 
the inſenſible matter compoſing them. But 
if, as we imagine, they are all to be deri- 
ved from feeling, it is eaſy to ſee, that, as 
the feet and toes are more ſenſible of pain 
when wounded, than the muſcles of the 
legs or thighs, ſtronger convulſions muſt 
be occahoned by an irritation of the , - 
er than of the latter. 
Fork, we maſt either Mow that 
both the head and body of a frog continue 
to be animated, for a conſiderable time, af- 
ter they are ſeparated from each other; or 
elſe affirm, * the life, e and active 
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powers of animals, are merely properties 
of that kind of matter of Which they are 
compoſed. The former opinion is attend- 
ed with ſome difficulties, which ariſe folely 
from our ignorance of the nature of im- 
material beings: the latter is inconſiſtent 
with all that we know of matter or its pro- 
perties. If we admit it, therefore, we not 
only aſcribe qualities to matter Which it 
does not poſſeſs, but preſume to limit, by 
our ſcanty and inadequate capacities, the 
powers of incorporeal natures, their man- 
ner, of acting woe bogies, ane <0-cxiling 
with them. 

I the ſoul were combat to the brats as 
many have thought *, Whence is it that a 
pigeon not only lives for ſeveral hours af- 
ter being deprived of its brain, but alſo 
flies from one place to another +? And to 
what cauſe are we to aſcribe the continu- 
ance of life and motion in a viper for three 
days after its head is cut off, and in à tor- 
toiſe for three weeks after decollation, and 
eee Joſs of its brain |? The 

. ph | an as ”Y motions 

* Act. Gotting. vol. ii. P, 1. 1 
I Baglivi opera, 4to. prefat. p. xi, | 
* Redi. Obſervat. circa animal. wn. P. 209, kee. 
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4 motions performed by theſe animals can- - 
not ſurely be attributed to their material 
part alone; unleſs we ſhall deny them a 
| ſoul altogether, and, with Des Cartes, refer 
X all their actions to their corporeal ma- 
chinery. The late Reverend and ingeni- 
ous Dr Hales informed me, that having, 
many years ſince, tied a ligature about a 
frog's neck, to prevent any effuſion of 
blood, he cut off its head, and, thirty hours 
after, obſerved the blood circulating freely 
in the web of the foot: the frog alſo at 
this time moved its body when ſtimulated: 
but, on thruſting a needle down through . 
the ſpinal marrow, the animal was ſtrong- 
ly convulſed; and, immediately after, be- - 
came motionleſs. 

Ir then the ſoul in ie eee 72 
and tortoiſes, is by no means confined to - 
the brain, but can continue for a long time 
to actuate their bodies independent of it; 
and if, in may inſects which have no brain, 
every part of the body is both ſenſible and 
irritable *; why ſhould we deny, that, in 
man and ſuch animals as refemble him 
moſt, 2 parts may continue to be actua- 

| . Dia. * ted! 1 
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ted by the ſoul or ſentient principle for 


ſome few minutes after be Hm 
tion with the brain has been cut off & 

Ir any man of ordinary ſenſe, who is no 
philoſopher, be aſked, Why the heart of a 
frog beats after being ſeparated from the 
body, and renews its motions when prick- 
ed? he will readily fay, It is becauſe there 
is /ife in it: and this is a proper anſwer; nor 
can a better, perhaps, be giwen by the a- 
bleſt philoſopher. If then liſe in animals 
be owing to the energy of a principle diſ- 
tinct from matter, and of powers ſuperior 


to it, we have reaſon to conclude, that, as 


long as any ſigns of life remain in the bodies 
of animals, or any of their parts, this prin- 
ciple ſtill continues to actuate them. 
Tuxxk are two kinds of motion from 
irritation, obſervable in living animals: 
diz. where the ener or gin itſelf is ſti - 
$4} *-+ mulatedy 

The difference between men and thoſe animals 
which live long after deeollation or the exciſion of their 
heart, ſeems to be, that the latter are ſo framed. that 
freſh ſupplies of blood and ſpirits from the heart and 


brain are not immediately neceſſary to keep the ſeveral 
parts in due order to be acted upon by the ſoul: as 


ſeems to be, in a * ek the caſe i in man and 


many, other anin PL 4-2 ; 8 
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mulated and where the Pimulus only affects 
ſome neighbouring or diſtant part. The 
firſt (of which kind is the motion of the 
heart) ſeems to be owing to the ſoul or 
ſentient principle as acting in the part mo- 
ved; but the ſecond, to the ſoul as per- 
ceiving and acting in the brain: and of 
this kind is the motion of ſneezing from 
an irritation of the noſe, and the contrac- 
tion of the diaphragm in vomiting and in 
a teneſinus or ſtrangury. In order to the 
firſt kind of motions; an immediate com- 
munication with the brain is not abſolute- 
ly neceſſary, but only ſuch a ſhare of the 
nervous power in the muſcle or its nerves, 
as may be requiſite to fit its fibres for be- 
ing acted upon by the ſoul or ſentient prin- 
ciple. But the caſe is quite otherwiſe in 
the ſecond; where the motion produced is 
through che intervention of the brain, and 
not by any ſſtimulus applied to the part mo- 
ved. And hence it is, that, in an anima 
newly dead, the diaphragm is not brought 
into contraction by lacerating or pricking 
the inteſtinum rectum or neck of the bladder, 
altho” the fibres of theſe parts themſelves 
WN. 7 . : | may 
e D Nolan ani ag in 8 


S 
A E * Mt? 
8 p wry 
k 9 
8 * 
” 8 
\ 
. 


. 
LS \ 
7 2 

aa! | 
. 


164 Obſervations on Irritabily. 


may be, thence, agitated with ſome tremu - 
Tous motions. In like manner, though the 
muſcular coat of the ſtomach is excited in- 
to contraction ſome time after the death 


of the animal by irritating it; yet the 


diaphragm is no ways affected by this irri· 
tation: which, however, it would have 
been, if the animal had been alive. Agree- 
ably to this, when any of the muſcles of a 
frog's legs are irritated ſome time after 
Cutting off its head, almoſt all the muſcles 
belonging to the legs and thighs are brought 
into contraction, if the ſpinal marrow be 
entire: but, as ſoon as this marrow is de- 
ſtroyed, although the fibres of ſuch muſcles 
as are themſelves ſtimulated are affected 
wich a weak tremulous motion, yet the 
neigrvenfing TE remain e 
at r 
l HAVE: clewhere ee to ſhew, 
That the ſuppoſition of the ſoul or ſentient 
Principles continuing for ſome time to 
actuate the ſeparated parts of animals; does 
not infer its ren diviſibility *; nor is it ne- 
ceflary to repeat the ſame things again: 
dere 1 cannot help obſervingz an when 
„ . 
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M. de Haller repreſents me as holding the 


ſoul to be diviſible, ſo as that it My be cut 


into as many pieces as the anatomiſt 
pleaſes ; he charges me with an opinion 
which I not only do not maintain, but 
which I have brought arguments to dif- 
prove. I ſhall only add, that the indivi- 
ſibility of the ſoul does not depend on the 
unity of the body n on its own e f 
lar nature. 

Ir muſt be acknowledged; that there! is a 
great deal of obſcurity in theſe matters: 


but as in every part of nature we find a- 


bundance of myſteries, as often as we puth - 


our inquires to any great depth; it can be 
no wonder if we meet with diſſiculties, al- 


moſt inſurmountable, in accounting for 
the motions of animals, or tracing them up 
to their firſt ſource: for, if we are far from 
underſtanding the communication of mo- 
tion and other actions of matter upon matter, 
How ſhall we be able to comprehend the 
manner in which an immaterial principleacts 
upon it? But, as we can, from the little 
we know of matter, ſee that inactivity is 
one of its es ee we are hence 

convinced 


* AQ. Gorting, rol. n. p. 137. | 
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convinced of the neceſſity of aſcribing the 
life ang motions of animals to the power 
. incorporcal agent. 
Ix we knew the manner of exiſtence of 
che foul, or the way in which it acts upon, 
or is preſent with the body; it would be 


a very proper objection to any phyſiologi- 
cal opinion, that it was inconſiſtent with 


- what we certainly knew of theſe things: 


but, as we are utterly ignorant of them, it 
is highly unreaſonable and abſurd to argue 
againſt an opinion ſupported by experi. 
ment and analogy, from its: ſuppoſed in- 
conſiſtency; with what? why, truly, with 
nothing! For what we are totally ignorant 
of, is, to us, as if it were nothing; and we 
can neither affirm nor deny any thing tb 
be either ae or een hes it 
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Pre that irritability is independent on 
ſenſibility, gives it as his opinion, That ths 
remarkable property of the muſeles has its 


| ſeat in the glutinous matter connecting 
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the earthy elements of Which their fibres | 
are compoſed *; and that irritability 5.4 
to be looked upon as à particular property 
of this glutinous fubſtance, in like manner 
as gravity is allowed' to be 2 property of | 
matter in on altho* its cauſe cannot | 
be aſſigned . x 

Bor ſurely che glutinous matter of the 
muſcles of animals — as unlikely to be 
endowed with an active power, fuch as irri- 
tability, as any other conſtituent part of 
the animal body; nor can any thing be de- 
duced from its endeavouring to ſhrink or 
ſhorten itſelf when drawn out f; for tgjge 
glue of thedkin, ligaments, and tendons, | 
as well as of the muſcles, has this property, .-  : 
which is, indeed, a kind of elafticity ||, and 74 
no way ſimilar to that power of alternate 
contraction which muſcular J 24 are en- 
dowed with. 35 ' 

ro n in proofor b his notion my — 

2 * the” _ 

A II. p. 132. e 

F Ibid, p. 154. and 157. | 

F wid. p. 1. * | 

| Elaſticity i is not a . b of hard bodies de þ 
3 M. de Haller ſeems to think (p. 152.), but is alſo 7 
ſound in ſoft nes: thus air, wool, and mw down = 8 
feathers are remarkably elaſtie. 723 
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; : the irritable nature of the , muſcular: glue, 


adds, that young animals which abound 
moſt 3 in it are moſt irritable, The obſerva. 
tion is certainly true, but proves nothing 
n the preſent caſe; for the ſkm, ligaments, 

and tendons (which. laſt are a continuation 
of the muſcles, only harder and more com- 
pacted) abound much more in g/ue than 
the muſcles, and yet are not in any degree 
irritable. The greater irritability of the 
fibres of young animals is to be deduced 
from their greater ſenſibility, and this is 
owing to their greater ſoftneſs and tender- 
neſs: thus, what in new- born animals is 2 


3 ſenſible and irritable muſcle, becomes af- 
terwards a tendon, which, in a ſound ſtate, 


is deſtitute of irritability, and endowed 
with little or no feeling r. 

Bur further, ſince the gelatinous n mat- 
ter in our aliments, and even in our blood, 
is quite deſtitute of the property of irrita, 
bility, it muſt owe this power to the par- 
ticular diſpoſition or arrangement of its 
parts, or to ſame other change which it 
ſuffers, when it becomes a part of a muſ- 
cle: And if this may by ſo, * 1 not 

.the 
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the finer and more fubtile pärts of the 
blood be ſo changed in the brain, as there 


to acquire a power of feeling and thinking ? 
i. c. if irritability be a poperty of the muſ- 


cular glue, why may not ſenfbility and in- 


telligence be properties of the medullary 
ſubſtance of the brain? for the known pro- 
perties of matter give us reaſon to think, 
that real activity is not more conſiſtent 
with its nature, than feeling or thought. 
Bor it has been ſaid; that irritability 
may be a property of the muſcular glue, as 
well as gravity is a property of matter in 
general: let us therefore conſider this no- 
tion a little, and ſee whither it will lead 


us. Gravity, Which is a property of mat. 


ter, continues to be ſo, let matter be e- 


ver ſo much altered or changed by fire; 
menſtruums, or other cauſes; but; When 
the gluten, of the muſcles is extracted 


from them, it appears as inert and deſtitute 


of ative powers as any other matter;,na. 
tho” allgwed to remain in them, yet; in 


moſt animals, it loſes its power altogether 


very. ſoon after the muſcles are . 
N ihe p 4" 
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Bur, ſuppoſing irritability, to be a pro- 
perty of the muſcular glue, in the ſame 


ſenſe that gravity is a property of all mat- 


ter; yet, as the moſt attentive conſidera- 
tion of the nature of matter has convin- 
ced philoſophers that gravity is not eſſen- 
tial to it, but owing to ſome general cauſe 
acting upon it; ſo the irritability of the 


muſcular glue muſt be allowed not to be 


a property eſſential to it, but ariſing from 
the action of ſome other cauſe upon it. 
Gravity has been aſcribed either to the im- 


mediate and continued operation of an 


immaterial being, or to the action of ſome 
ſubtile elaſtic medium on matter: But, ſince 


the elaſticity of the parts compoſing. ſuch 


a medium muſt be, at laſt, referred to the | 


active power of ſome. incorporeal. cauſe, FS 


follows, that dad muſt be ſo likewiſe * 
IT 


* 


0 Ma Frey OPIN me © Wahrlich 5 
an error contrary to the common notions of map kind 


(e), when I ſay, that gravity,” or rather theelaſticity 


of that medium ſuppoſed to be the cauſe of gravity, 


muſt be, at laſt, referred to the active power of ſome 


incorporeal, cauſe. How far we ſhould be ſafely *y 


rected i in our reaſonings. concerning the nat 


= rw 
0 Memcires far lex parties rſs, &c. vol. iy. p. 51. 
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IT appears, therefore, after all that has 


been ſaid to ſhew that the motions of irri- 


tated muſcles are owing to a property of 


irritability in them or their glue, that we 


are at laſt obliged to refer them to the ac- 
tive power of an immaterial cauſe; unleſs 


we ſhall, contrary to all ſound philoſophy, I 


chuſe to aſcribe feeling and proper acti vi- 
ty to matter. And, as gravity muſt finally 


be reſolved into the power of that Bzino. 


who upholds univerſal nature; ſo it is 
highly probable, that the ircitability of the 
muſcles of animals is owing to that living 
ſentient principle which animates and 
enlivens their whole frame. | 


3 * * * 
» 1 a 4 
. , T4 * 3 * — 7 3 
1 * , * . $ © | ” 
0 
-, 


cauſe of grapity by the common notions of mankind, | 


1 ſhall leave the reader to determine; but ſome very 


able philoſophers have thought, and not without rea- 


ſon, that gravity, or the material cauſe producing it, 


"I. ; ' 4 # S | | "of l ; » 
7 „ £ , . P 2 * X 8 E. C T. 
” » C 1 . & | p : 1 ” 


muſt at laſt, depend upon the power of that BzinG 


Who ſuſtains, moves, and governs the whole ſyſtem 
of nature: and M. de Haller will find it a hard taſk 
to account for the elaſticity of that æthereal medium 


ſuppoſed to be the cauſe of gravity, from any thing 


we know of the nature of matter, or of the propertics 
that are efſential to lt. 
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' Havaixs thus endeavoured to lay open 


the inſufficiency of M. de Haller's theory of 


irritability, I ſhall conclude, with a few 
_ obſervations, which, if they do not demon- 


ſtrate, make it at leaſt extremely. proba- 


ble, that the motions of ſtimulated mu- 


ſcles proceed from their ſenſibility, or are 


cloſely connected with it. But, previous 


to theſe, I muſt be allowed to take notice, 
that the word wrritability ſeems to imply a 


kind of Tife or feeling in the part endowed. 


with it, which renders it capable of being 
fretted, provoked, or irritated; -and there- 
fore ſeems to be improperly applied to ex- 
preſs the contractile power of ſtimulated 


muſcles, if this power has no connection 
with, or dependence on their ſenſibility &. 
We never talk of irritating aftone, a piece 


of wood, a tree, or indeed wy thing that 
| ; : ; . f / 5 18 


1 


» Bricguid 3 alle unda 1 e ' 
idrmgve a ſe amoliri fatagit, id proprie dixerit irritari. 
Ideirco, cum partes iſle injurias perſentiſcant, ſe ſeque- 
ab iiſdem vindicare conentur, irritationis guoque capaces. 


merits di cende funt ; 1 on. Aualom. Are 2 1 
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is deſtitute of feeling. Irritability, there- 
fore, in the common acceptation of the 
word among mankind, implies ſome kind 
of feeling ; nay; M. de Haller himſelf, not- 
withſtanding his profeſſed! deſign is to 
ſhew irritability to be independent. of ſen⸗ 
ability, ſpeaks once and again of parts 
that are not irritable, as not feeling or per- 
ceiving the acrid matter, or other /rmulus 
applied to them *. 8⁰ true i 18 the b 


vation of the poet, we Fg 00 
Naturam expelles firca; tamen fue re- 
curret. 


Bor ts return; oy 

I. We almoſt always obere che r- 
bility of the muſcles or muſcular organs of 
the human body to bear a proportion to 
their ſenſibility. Thus, in young children, 
where the tender nerves and fibres are 
more eafily hurt, and all the feelings are 
more exquiſite: the quickneſs of the pulſe 
ind the violent convulſions with which 
they are often affected, from very flight 
cauſes, ſhew their muſcles to. be endowed 
ao degree of SOS than 
a er ee, 118 "GS 
* dan Contingent: vol. ii. . 145. : 
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thoſe of adults & In like manner, grown 
people of delicate nerves and very quick 
feelings are ſubject to ſpaſms and convul- 


ſive motions of their ſtomach, inteſtines, 
rc. and to palpitations of their heart, from 


ſuch flight cauſes as would ſcarce ſenſibly. 
affect men of firmer conſtitutions and * 


- moveable nerves. 


On the other hand, i in old — os in 


whom all the feelings become leſs acute, 
the muſcles are. leſs irritable ; witneſs the 


low motion of their heart. And, in apo- 
plectic and comatous caſes, where the ſen- 
ſes are greatly impaired, the heart's mo- 
tion, and that of reſpiration are remark- 
ably flow ; and the ſtimulus of the feces 


is not n to bring the inteſtines, dia- 
-. phragm, and abdominal mplccy into con- 
traction as uſual. 


FURTHER, the nerves, Thicke, are. he 


moſt ſenſible. parts of the body, produce, 
when irritated, e moſt remarkable con. 


. * 
Py y * 1 * * 
'F 1 tt " 


It may alſo be obſerved, that the parts of —— 
animals which are moſt ſenſible, ite nde not only molt 


irritable,” but retain! their power of motign® longett 


aſter death, or ſeparation fyordi the body, vid. EI 


on vital motions, p. 338. 1.41103 6.4 
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vulſive motions in the muſcles; and, when 
they are, by being ſtretched, rendered 
more ſuſceptible of pain; an irritation of 
them produces iſtill greater convulſions &. 
I. WnarENER inęreaſes the ſenſibilit 
of the muſcles or moving organs of our 
body, alſo increaſes their irritability: - 
Txus, when the ſtomach is .inflamed,, 
the mildeſt liquors received into it are 
apt to proyoke vomiting; or the hiccup; 
whereas, in a ſound ſtate of this organ, 
brandy, vinegar, and other acrid liquors, 
produce no ſuch eſſect. When the neck of 
the bladder is ſlightly inflamed or excori- 
ated, the urine, which ated to give little 
diſturbance. till collected in large quantity, 
irritates this tender part, fo as to produce 
violent and often repeated efforts to en 
the bladder. n : 
Wazv the fauces.are e with an 
inflammation, the muſcles of deglntition 
are more ſtrongly convulſed in ſwallowing, 
than hen theſe parts are in their natural 
ſtate. When the inteſtines are by any 
means deprived, in a good meaſure, of 
. nucus: or wet more ſenſible by 
nov} 
9 . Goningenſ: vol. ii. 186. y , 
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a very light degree of inflammation in 


their inner membrane; the gentleſt pur: 
gatives often operate as ſeverely as the 
ſtronger ones do in a perſon in perfect 


health. When, without any degree of e- 
rection in the penis, the ſemen eſcapes into 


the urethra, the muſculi acceleratores urina are 


no ways affected by it: but, as often as 


the penis is erected, and thereby its parts 
rendered more ſenſible, and, as it were, 
half inflamed, the ſemen is no ſooner pour: 
ed into the beginning of the wrethra, than 


the above mentioned muſcles are excited 


into ſtrong convulſive contractions. 
TE heart becomes ſo irritable, when it- 


ſelf or the pericardium is inflamed, as to be 


agitated with violent convulſions and pal. 


pitations. Nay, the tendons,” which, in a 
ſound ſtate, have little or no feeling, and 


are not irritable *, become, when inflamed, 
ſo ſenſible of ſtimuli, that the moſt violent 


convulſions have been occaſioned by prick- 


ing, tearing, or otherwiſe irritating them. 
A diſagreeable ſenſation in the ſtomach 


from wind and other cauſes, often quick- 


ens (eſpecially 3 in people whoſe nervous 
__ 


® AQ, Gotting. vol. ii. p. 140. 
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ſyſtem i is very delicate and moveable) the 
motion of the heart; which will be of- 
ten rendered ſlower again by 2 glaſs of 
> enerous wine, a dram of brandy, or any 
thing that, by invigorating the Fomach, | 
removes the uneaſy ſenſation in it. 


; A diſagreeable feeling in the Reel 

© enders the heart more irritable, becauſe, 

1 by means of its nervous ſympathy with 

0 this organ, it ĩnereaſes its ſenſibility; and, 
„ Ein like manner, an inflammation or unu- 

” Wu! irritation in the kidneys or inteſtines 
4 increaſe the irritability of the ſtomach - 

I but how a difagreeable feeling in the ſto- 

5 mach thould: immediately alter the nature 


of the gluten of the fibres of the heart, in 
which M. de Haller places the irritability of 
this organ, is as inconceivable, as it is in- 


e wy wa ise pee of phy” 


bY thenalace, it appears, chat che ierlta- 
lity of the moving organs of our body is 
increaſed as often as their on ſenſibility,” 
or that of other parts with which they 
have a remarkable ſympathy, is increaſed; 
t will be ich at leaſt, highly proba- 
de, 
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ble, that the irritability of apy: Na de. 
pends, upon its ſenſibility. -- 

III. WraTEver leſſens or Shins the 
ſenſibility of the muſcles of animals, : alſo 
leflens or deſtroys their ien or ous 
of motion. 

Tuvus, when one' s angers or limbs 75 
"i been long-expoſed to ſevere cold, they not 
only become inſenfible, but pazalytic, 
Frogs, bats, and other animals, with num. 
bers of the inſect- tribe, are ſo benumbed 
dy the winter's, cold, as to be deprived of 
all feeling and motion: their blood does 
not circulate, nor their hearts beat; and 
their muſcles, - tho? torn, cut in pieces, or 
otherwiſe ane. are not W into 
contraction. 

Doge the time of 4 Be bow the 
chicks heart is obſerved to beat faſter or 
© flower, and with more or leſs force, i.“ 
to become more or leſs irritable, as it is ex: 
poſed to greater or leſs; degrees of heat; 
nay, after its motion has been ſtopt alto- 
gether by cold, a gentle heat will make it 
in a very ſhort time, 1 7 to contract a. 
need, . 


Fung: 
9 „ i De generat, animal, exercit, xvii. 
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FURTAER, this punctum faliens, or rt 
of the chick, which, when touched with 
any thing capable of hurting it, is excited 
into quicker and ſtronger contractions, af- 
er ter being expoſed for ſome time to too 
2 great cold, 1s not affected by the: moſt 
powerful timul. 

ot Ir appears, therefore, chat ag 4d 
tic. Nirritability are deſtroyed by cold, and re- 
m- Wired by a proper degree of heat, and are 
el Wo cloſely connected together, that the lat- 
ter is never to be found where 9 former 
is totally wanting. | 15 
I: authority could be of any weight in 
a matter which is to be determined by ex- 


dort our opinion with the name of one of 
he moſt judicious and ſucceſsful inquirers / 
nto nature that any age has produced. 
Ego pluribus experimentis certus ſum, 


s ex- ( /ays the illuſtrious HARVEY), non motum 
dent; ſolummodo puncto falienti ineſſe, ſed. 


ſenſum etiam; nam, ad quemlibet, vel 
nimm as videbis punctum hoc 
act * varie commoveri, et quaſi irritari. Vidi, 


Timents and obſervations, we might ſup- 


ren eee h qui una mecum | 


HER A” COLE « aderant, 


| 
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; « aderant, ab acus, ſtyli;' aut digiti con- 
-« ta&tu, immo vero a calore aut frigore ve- 
_« hementiore admoto, aut cnjullibet rei 
moleſtantis occurſa, punctum hoc varia 
4 ſenſus indicia, pulſuum nempe varias per- 
mutationes, ictuſque validiores ac fre- 
quentiores, e edidiſſe; ut non dubitandum 
A fit, quin punctum hoe (animalis inſtar) 
« yivat, moveatur, ac ſentiat.“ De gene. 

rat. animal. exerc. xvii. . 


* Þ + + 
EE STI. EET 


Urom octaſion of quoting Dr Harvey, 'Y , 
may not be improper to take notice of the | 
error of thoſe who ſeem to think the irrita. 
bility of the muſcles a late diſcovery *. H a, 
by irritability is meant that power by which :: 
muſcles contract when they are-' pricked, Wl © 
fretted, or otherwiſe ſtimulated; tis plain " 


this was not unknown to Harvey; and mi- ,. 
ny authors ſince his time might be named. of 
ho N een, mentioned it f. But, tra 


C400 BY vii 
„ * The, Diſcouri ee for Firritabilite, pre * 


fixed to his tranſlation of M. de Huller's treatiſe of ths 

ſenſible and irritable parts 1 
+ The irritability. of the heart, after being ſepara e 

ted whos the 17 was not e to . (4), bu 


(@) Gor, quamvis ex e extralum fuerit, motionem diutius, tt 


in contraflione, tum in dilatatione. Fu "ore De Hippocrd. 
Platon. decret, 
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ie by irritability be meant an active property 
of the muſcular glue analogous to gravity; 
dis, it muſt be confeſſed, is a new diſ- 
covery, though not likely to he ove a laſt- 
it has been more Fan attended to by ſeveral 
phyſicians aud philoſophers ſince the middle of the 
laſt century. ; 

Swammerdam tells us, that, in dilſecting Fob. a- 
live, he obſerved not only contractions in the muſcles, 
but in every muſcular fibre, though ſeparated from the 
body of the mulcle. e e cap. vii, 
Cv. 1667. 

Dr Gl ſon's 5 treatiſe De e 3 * we eu- 
dently ſhews, that he was well acquainted with the irri- 
ability of the muſcles; and, in his book De ventriculo 
et inteſtinis, (1677), he has ſeveral chapters on the 
irritability, of the parts of the body; where he not 
ouly mentions the heart and inteſtines as endowed with 
this property, but tells us particularly that the fibres 

of the muſcles in dead animals. are brought into con- 
tration when acrid liquors are applied to them, cap. 
vii, No. 3, He gives ſeveral examples of the irritability 
of parts from ſympathy, and mentions the cauſes which 
may produce either too ſmall or too great a degree of 
ritability in the fibres, cap. ix, No, 4. 5. 6. and 7. 
He ſuppoſes, irrĩtability to ariſe from à natural percep - 
tion in the fibres, without which ihey could be no 
more affected by any irritating cauſe than a deaf man 
ls by ſounds. -Thiegatury perception he diſtinguiſhes 


Srom 
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ing one. Opinionum commenta delet dies, na- 
ture judicia confirmat. 
BuT, to return from this dige 


5 Opin Which 1 is remarkable for its pou 
F of 


Seer Feeling, concerning which Jy reaſons at great 
length, but with little perſpicuity, cap. vii. 
Peyerus, after endeavouring to confute Harvey's opi- 
nion of the chick's heart being not only endowed with 
motion, but alſo feeling, and aſfcribing the irritability 
of this organ to its exquifite but unknown ſtructure; 
adds, . Conſtat vero piſcium plurimos, nec non inſeck, 
i et alia quzdam animalcula, motus ſui aut vitæ ad- 
modum eſſe tenacia, adeo ut in partes quoque diſſec 
i ta ſeſe aliquamdiu adhuc motitent, imprimis fi, adhi- 
« bito ſtimulo, inſuper laceſſantur. Parerg. Anat. med, 
% 7mam, pag. 200. Genev. 1681.” The irritability 
of the inteſtines and heart was ſo well known to Bok: 
7ius, that he deduces the periſtaltic motion of the in- 
teſtines from the irritation of the aliment, and aſcribes 
the alternate contraction of the heart partly to the 
 fimulus of the blood ruſhing into its cavities, which 
had been mentioned before by Harvey and Clifon u 
the. ſole cauſe of the heart's motion. Circul. anat 
Phyliolog. p- 105. and 163. edit. 1686. | 
Baglivus has, in his book De Abra motrice, an intire 
chapter De irritatione folidorum five flimulis, et varii 
ftimulorum effetibus : from which it appears, that bt 
was far from being ignorant of the power of imuli to 
excite the parts of living animals into contraction. He 
Bas 8 ſeveral * concerning the irritabilitj 


< 


{ 

( 

{ 
( 
8 
0 
c 


intire 


Obſervations: on. Irritability. 


183 | 


of impairing or deſtroying the ſenſibility: 
of all the parts of the body, alſo leſſens or 
ſuſpends the irritability or moving power 


Thus, in a ſmall doſe, it 
2 . puts = 


of the keart aſter being ſeparated from the body, and. 
mentions particularly that frogs are convulſed by punc - 

tures an hour after they have been deprived of all the. 
viſcera of the thorax and abdomen. PE: xi. de circu - 


of the muſcles. 


latione ſanguinis in rana. 


Among the later writers, Dr De NETS Nate in ma- 
ny places of his works, taken notice of the motions of 
ſuch parts of animals as are irritated ; and obſerves, 
that theſe motions are not to be accounted. for from 
elaſticity, ** Sed-preterea, . cum. omnes fibre nervoſæ 
« yellicate ſeſe inordinate et involuntarie moveant, 
* patet minimam cauſam ſæpe ſufficere ad totam cor - 
% poris ceconomiam- turbandam.—Cur autem a velli- 
*« catione pars aliqua nervoſa ſtatim contrahitur, diſſi - 
« cile explicatur; veritas autem ejus aſſerti ubique ma- 
te nifeſta eſt, non modo in ner vo iſto vellicato, ſed er 
* in reliquis ſurculis ner veis ab eadem origine venienti- 
„ bus, ut in ſternutatione, tuſſi, vomitu, &c. Sentio 


* id eſſe adſerĩibendum Summi Opificis placito, qui vo · 

uit corpus noſtrum ita concinnare, ut ſtatim ac vel · 

© licetur pars nervoſa, ibidem demandentur ſpiritus; 
© hoc enim ab elalticitate partium derivare, vellica+ 
* tione vel ſtimulo agitatarum et oſeillantium, fruſtra. 
i tentarunt multi,” Gorteri Compend, medicine, vol. 1, 

p. 58. & 63. Lagd. Batav. 1735. 
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puts a ſtop to vomiting and coughing; and 
quiets the convulſive motions of the in- 
teſtinum rectum, bladder, abdominal muſcles, 


and eee in a 9788585 and ſtrangury, 
5 ; although 


Dr f OR in his Anatomy of the nerves, tells us, 
That all muſcles, but eſpecially the heart, continue 
to contract, in an irregular way, for ſome time after 
« they are cur away from the animal to whom they 
«© belonged; and that, after this motion of theirs has 
«« ceaſed, it may be reſtored again by breathing upon 
« them, or pricking them with a ſharp inſtrument,” 
Anatomy of the human bones and ner ves, p. 255 edit. 


3.1741. 


M. de Haller, ſpeaking, a dozen of) years ago, of the 
motion of the heart in time of ſleep, ſays, * Czterum 
« tota theoria iſta fimpliciſimo phznomeno, a nemine 
10 negabili, nititur, omnem fibram muſculoſam ani- 
«, malis vivi, irritatam 2 quacunque cauſa, continuo in 
conttactionem i ire, ita ut hæc ipſa ultima nota fit, qua 
„ animalia imperſecda a vegetabilibus dignoſcantur.” 


And aſterwards, with regard to the motion of the 


heart after its ſeparation from the body, he expreſſes 
himſelf thus: . Omnino yidetur quod alibi faſſus ſum, 
% cem PRECEPTORE, in fibra animali aliquam ad irri- 
« tationes contractilitatem ſupereſſe, que ſimplici ela- 
© tere fortior, a motu muſculari cb, of quod cerebri 
e cordiſque non indiga ſit, et in ipſa hujus fibræ humi- 
« de adhuc et integræ fabrica fundata eſſe videtur.” 

Boerhaar, Prælect. Wr vol. Iv, p. * A 616, 


1743» 
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4 although the ſtimu, which produced theſe 4 
i motions, continue to act on the parts; When 
„ WW given in much larger quantity, it ſuſpends 

, the periſtaltic motion of the inteſtines, and and 

h 223 TH makes 

10 Dr Vi ä 1746, publiſhed an oration De certilu- 

et dine in medicina practica, wherein, it is ſaid, he has re - 

ey ferred all the motions of the human body to the irrita - 

=P ble nature of the fibres and the power of a ſtimulus +. 
acknowledging, however, with Baglivi, the dura ma- 


1 ter as the fountain from which all our motions ſpring. 
: But this piece I have not yet had the good fortune to ſec. . 

In an Eſſay on the vital and other involuntary mo- 
tions of animals publiſhed in-. 1751, the author, after 


be conſidering particularly three kinds of contraction ob- 
a ſervable in the muſcles of animals, viz. natural, volun- 
1 tary, and involuntary from a /fimulus, endeavours to 
ia ſhew, that all the vital and involuntary motions are. 
in owing to ſtimuli irritating either the organs moved, . 
[nn or ſome part with which they have a particular ſym- 
Fo pathy ; that tha alternate contractions, excited in- 
the muſcles. by irritating tubſtanees applied to them, pro- 
les Ceed from their ſenſibility, and are no more than an 
25 effort of nature to throw off what is hurtful: frem 


which he concludes, that, if the ſenſibility of the muſ · 

br cles be not a property of the matter of which they are 

compoſed, but owing to a ſuperior principle animating - 

- them, all the vital and other involuntary motions mult * 

16. 2 be os to the active Goren of that prin 
ciple, | 

Dr | 6 125 | Laftly,. 
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alfo ſhewn, that ſome rauſcles and organs are poſſeſſed 


the muſcles is independent of the nervous. power, and 
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makes the heart contract more flowly, a 
being by degrees rendered quite en 


its motion ceaſes altogether. 3 
Bol 


Laltly, M. de Haller, in his treatiſe De partibus corpo- 
ris bumani ſenſibilibus et irritabilibut, publiſhed in vol. 
2. of the Cottingen Tranſactions in 1753, has, by a great 
many curious experiments, proved, not only that all 
muſcular fibres, and them atone, are endowed with ir- 
ritability or a power of alternate contraction, but has 


of this power in a greater degree than others. He has 
further endeavoured to prove, that the irritability of 


Was no connexion with ſenſibility, but is owing to the 
glutinous matter of the muſcular fibres, 

From what has been ſaid, together with the ſhort 
hiſtory®of irritability given by M. de Haller, (Af, 
Gotting. vol. ii. p. 154. &c.), it appears, that the con- 
tractile power of ſtimulated muſcles has been long 
known to phyſicians, tho” within theſe few years paſt, 

it has, been made the ſubject oy more „ inquiry. 


After the mention as ities of 21. 4 Haller 
Hi try of irritability, and of the reſult of his own er- 
periments on this ſubjeR, I did not expect that be 
would have complained of my want of equity, in not 
taking notice of what he had ſaid on thofe heads, or 


have alledged, that I had purpoſely omitted doing 
Him this piece of juſtice, leſt it ſhould have weakened 


a cenſure which 1 intended againſt him, as having al: 


ſumed 


/ 


N 
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Bur, as M. de Haller, who allows that 
opium deſtroys the irritability of the ſto- 
mach, inteſtines, and other muſcles, denies 
it to have any power over the heart, * and 
ſeems to call in queſtion thoſe experiments = 
of mine which ſhew, that opium, injefted 
into the ſtomach and guts of frogs, renders 
the motion of the heart much flower than 
uſual, and at laſt puts a final ſtop to itt; 
thought it neceſſary to endeavour to clear 
up this matter by ſome farther experi- 
ments, which I ſhall here briefly relate. 

(* Joxs 5. 1755, at 18 minutes paſt 
four in the afternoon, I injected x turbid 
ſolution of half an ounce of opium in eight 
ounces. of water, into the ſtomach and 
guts of a frog; and, as it ſquirted out moſt 
of the ſolution injected by the anus, I threw - 
in ſome more in its place. At 24 minutes 
paſt five the ſame evening, I opened this 
frog, and obſerved the heart beating very 
1 not above ſeven times in a minute; 

| when 


ſumed te biet the aki of the. irvitable power 
of muſcular fibres. See Memoires fer les parties ſen- 
fibles, &c. vol. iv, p. 1 24. and 125. 

* AQ, Gotting. vol. II. p. 147. 154. and 157» 

+ Eflay on vital motions, p. 370, Cc. | 


* 
- 4 
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when it was touched wad the point of a 
pair of ſciſſars, it renewed its motion faſter 
for two or three pulſations; after which it 
became as flow as before, The other 
muſcles of this'frog were-not at this time 
brought into contraction by pricking or 
tearing their fibres. 

(s) I laid open the whole abdomen. and 
thorax of a frog; and, at.28. minutes paſt 
ſeven in the morning, immerſed it in a tur- 
bid ſolution of opium, viz. the ſame that 
Vas made uſe of in the preceeding and fol- 
lowing experiments. At forty minutes 
after ſeven, I turned the frog on its back, 
and obſerved its heart beating between ten 
and eleven times in a minute. Having 
laid it again on its belly; that it might be 
more expoſed to the action of the opium ; at 
forty eight minutes paſt ſeven, I turned it 
again on its back, and obſerving the heart 
without motion, L opened the pericardium; 
which producing no effect, I cut the heart 
out of the body, and laid it on a plate, 
when it contracted twice or thrice, and 
never after moved, although it was prick. 


ed once and again with : a N. 
; 1. 
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1 f (>) I CUT off E frog's head, and intirely "of 

r Wl deſtroyed its, ſpinal marrow: by puſhing ia __ 

it {mall probe down through the ſpine, which | 

7 WM occaſioned ſtrong convulſions of all the 

je muſcles, efpecially thoſe of the inferior ex- 

wx WM tremities.. Ten minutes after this, Topen- 
ed the thorax, and found the heart beating 

id 45 times in a minute. Sixteen minutes af- 

7 ter decollation and the deſtruction of the 

r- Wl {pinal marrow, it moved 40 times in the 

at minute. After half an hour, it made 36, 


Land, after fifty minutes, only 30 pulſations 
28 in the minute, which ann 


Kk. very ſmall and feeble. . 
155 NB. Waun eee ee frog. 
ng vas opened immediately after decollation 
be and the deſtruction of its ſpinal marrow, 

at its heart beat 60 times in a minute. 

W () I cvT out the heart of a frog, and 
put it into fountain-water, at twenty three 
minutes paſt twelve. After twelve minutes 
immerſion, I took it out of the water, when 
it beat 20 times in a minute. Having im- 
merſed it for five minutes more, it ceaſed 
from motion; and when taken out of the 
water, did not move except when pricked, 
and then Nee ee one rene, | 

EteRx | 


— 
= 
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( Eienr minutes paſt eleven, I cut 
out the heart of another frog, and immer- 
ſed it in fountain- water, 28 minutes after 
eleven, it continued to move: but its mo- 
tion, tho? at the rate of eleven pulſations in 
thirty ſeconds, was confined to about one 
third of the heart next its apex. Two mi- 
nutes after this, obſerving it without any 
motion, I took it out of the water, and 
laid it on a table, where it remained at reſt, 
unleſs when touched. Soon after this, 
however, it began to move, and, at 25 
minutes after immerſion, performed 9 pp 
fations i in 62 ſeconds. — 

- OO cut out the heart of a frog, and, at 
32 minutes paſt ten, immerſed it in a tur- 
bid ſolution of opium in water of the ſame 
degree of heat with the fountain- water 
uſed in the two laſt experiments *. After 
this heart had been immerſed ten minutes 
I took it out of the ſolution, and laid it on 
a table; but it made not the ſmalleſt mo- 
tion: and, when pricked with the point of3 
knife, though it quickly recovered its ſhape, 


yet it was not excited into a proper con- 

| traction as the heart of. I continued to 
_ obſerve 

. 7 . 7 ix. near bo 3 of Farenheit $ * 
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obſerve this heart from time to time for 
above half an hour, bt it never nn. Ge 
leaſt motion. W412 

) I evT out the bog fanatics Fang 


and put it into the fame turbid ſolution of 
opium; after ſeven minutes immerſion, 1 ! 


took 1t out, and laid it on a plate, where 
it remained at reſt. When pricked with a 
knife, it did not perform a full pulſation, 
but feemed to feel a little, by a very faint 
kind of motion which v was excited in ſome 


of its fibres. 


(e) Mx RonerT 3 ar ſtudent of nh 
ſic &, at my deſire, made the following ex- 
periment. After making an opening in- 
to the cavity of the abdomen of a ſmall dog 
near ſix months old, he injected by the 
wound a dram of opium diſſolved in two 


ounces and a half of water; but, before he 


could ſtitch up the wound, about an ounce 

of the ſolution eſcaped. Four minutes at- - 

ter making the injection, he laid bare the 

thorax, by diſſecting off the teguments 

which did not ſeem to give the dog any 

bain and could . feel the motion of 
5 his 


* Now Flow of the Raga A of Thybins 


in E avurge, 


* 
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his heart through che pleura. It beat 56 


times in a minute, but became gradually 


flower *. Immediately after counting the 


pulſe, Mr Ramſay cut the ribs on each ſide of 


the ſlernum, which he laid back in the uſual 
way. The heart, which was'thus brought 


into view, appeared quite turgid, and con- 


tinued in motion about five minutes: du- 
ring which time it performed only between 
60 and 65 weak vibrations; for they were 
not compleat contractions. While the 


heart was thus moving, warm ſpittle was 
firſt applied to it, then cold water, and, 
laſt of all, oil of vitriol, which ſhrivelled 


the parts it touched almoſt in the ſame 


manner as a hot iron would have done; 


but none of them accelerated the heart's 

vibrations, which became E flow- 

er, till they ceaſed altogether. 
 AGREEABLY to this experiment, we are 


told by Dr Alton, in his learned Diſſertation 


on opium, that a filtrated ſolution of this 


medicine in water having been injected in- 
to the veins of a dog, his pulſe, which, 


when he Was firſt ſeized with convulſions, 
| Was 


This a0 g- heart, before the injection of the opium, 
beat 1 50 in a minute. | 


e FRY ant. at tains 
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Las rendered quick and fmall, W n af- 
y terwards full and flow *. And Dr Kaau 
e Boerbaave informs us, that i in a ſmall dog, 
* MW which he opened ten hours after he had 
i ſwallowed three grains of gpm, the mo- 
tion of the heart Kon arte ies Was very 
1 low T. on | | 
u- Fro theſt erperinisubet ideal ap- 
n pears, that, as fm deſtroys the ſenſibility 
re of all the parts of the body, ſo it deprives 
he I the muſcles of all power of motion; nor 
does the heart in this reſpe& poſſeſs any 
d, WF privilege above the other muſcles, except 
ed that its moving power is not ſo oon de- 
ne ſtroyed by cum as theirs. 

1e; How M. & Haller came to be fo ad) 
t's WU deceived as to this matter, Icantiot pretend 
W. to conjecture; ſince he has not told us in 
| what manner his experiments were made: 
are but, it is not to be doubted, that his can- 
| dor and love of truth will make him readi- 
ly acknowledge his miſtake, 25 ſoon as he 
mall difcover it. f 


8 IV. wur 


* vid. Medical Edaye, SY * p. 1 1. art. Ali, 

f cor lentiſſime movebatur, Motus in arteriis (ſcil. 
durz et piæ matris) debilis et valde lentus. Vid, Im- 
pet, faciens Hippocrati dictum, No. 434. et 436. 
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IV. WHEN a viper is pricked with the 
point of a knife three days after being de- 
prived of its head, heart, and other viſcera, 
it moves, not only the muſcles whoſe fibres 
are touched, but alſo the other muſcles 
of its body which have no connexion with 
thoſe that are ſtimulated. This indicates 
either -a ſympathy between theſe muſcles, 
which ſuppoſes feeling, or ſome general 
active principle animating them, which, 

being affected with a diſagreeable ſenſation 
by the ſtimulus applied to any one muſcle, 
brings many others into action, in order 
to avoid what is hurtful to it. In like 
manner, when a few drops of boiling wa- 
ter fall on one's leg, the muſcles which 
ſerve to move this member are inſtantly 
and involuntarily brought into contraction, 
in order to remove it e the offending 
cauſe. Ft! 

A frog, SS it has been n deprived of its 
head, will, when touched, often j jump and 
move about for-a very conſiderable time; 
and it is obſervable, that, when the toes 
of its hind feet are any way ſtimulated, it 
conſtantly” ae them up to its body; 

na, 


E 
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7 


bans 
- 


bo TS.” ff # — 
S. 8 8 K 


da BAF RA F S F RO © Po cs 


Obſervations on Irritability. I95; 


nay, if, when they are in this ſituation, 
the toes are again irritated, the legs and 
feet are not extended, but brought ſtill 


cloſer to the body. If one of the legs is 


pulled down from the body and kept in 
an extended ſtate, no ſooner are the toes 


of this foot wounded than the leg is 


drawn up to the body as before. Now, if 
theſe motions were owing to ſome proper- 


ty of the inſenſible matter of which the 


muſcles are compoſed, Why ſhould not an 
irritation of the toes be ſometimes follow- 
ed by a contraction of the extenſor as well 
as the flexor muſcles of the legs and thighs ? 
But, if we allow them to be owing to the 
painful ſenſation in the toes, we ſhall fee 
that the frog does, in this caſe, with its 


limbs, juſt what a ſnail does with its horns, 


when they are roughly: touched. 
AGAIN, it is very remarkable, that. 


when the toes of a frog are pricked or o- 


therwiſe wounded inſtantly after decolla- 
tion, there is either no motion produced in 
the muſcles of the legs at all, or a very in- 
conſiderable one. But, if the toes of a 


_ be 1 with one's ſinger ten, ſif- 


* | $060; 
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teen, or twenty minutes after decollation, 
the legs and thighs are immediately drawn 
up to its body; and, if they be at this 
time wounded, pricked, or cut with a pen- 
knife, the muſcles, not only of the legs 
and thighs, but alſo of the trunk of the 
body, are, for the moſt part, ſtrongly con- 
tracted, and the animal ſametimes Mares 
from one place to another. 
Is not the irritation of 10 toes, imme- 
- diately; after decollation, rendered ineffec- 
tual ta produce any motion in the muſcles 
of the legs and thighs, by the a pain 
occaſioned by cutting off the head * ? And 
are not the muſcles of the poſterior extre- 
mities, as well as of the trunk of the body, 
braught into action by wounding the toes 
fifteen or twenty minutes after decollation, 
becauſe the pain produced by cutting off 
the head is now ſo much leſſened (perhaps 
wholly obliterated) as not to prevent the 
animal from 1 very ſenſibly N its 
toes are hurt? 
I were to be wiſhed that thoſe who | 
| mo 


„ e as 3 fimul obortis, non in codem 
loco, | vehementior obſcurat alterum. -Hippocrat- 
Aphor . lib, 2. No. 46. : i 


, 
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chuſe to account for the irritability of the 
muſcles, not from their ſenſibility, but 
from ſome unknown property of the mat · 
ter compoſing them, would, inſtead of mo- 
ving objections concerning the feat of the 
foul, its extenſion, diviſibility, and manner 
of co-exiſting with the body, favour us, 
if they can, with ſome probable explication 
of the pbenamena above mentioned. 
V. Tnar the motions of irritated muſ- 

cles are owing to the ſenſation excited by 
the /timulus applied to them, will appear 
highly probable, if we conſider, that we 
are, in fact, conſcious of many involun- 
tary motions in our bodies proceeding 

from a particular ſenſation, either in the 
organs moved, or in ſome neighbouring 


part. This is the caſe with the motions 


of the ſtomach and diaphragm, in vomit- 
ing and the hiccup, of the great guts and 
diaphragm in a teneſinus, of the acceleratores 
urinæ in expelling the emen, and of the in- 
tercoſtal muſcles and diaphragm in ſnee- 
zing, coughing, and ſometimes even in 
breathing; nay, when,” by ſudden fear or 


any great ſurpriſe, the heart i is ſet a palpi- 
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tating; we have a particular feeling in this | ; 
muſcle, partly from the blood ruſhing fad- NF 

denly and mo great quantity into it. Kt 


More examples might be given; but theſe c 
may ſuffice to ſhew tlie connexion there is { 
| betwixt the ſenſibility and irritability of FW! 
the moving organs of our body. | ti 

 Urox ſuppoſition that the motions of ft 

itated muſcles did not proceed from any In. 

= of feeling, but from ſome inanimate I le 

cauſe, their contractions ſhould be all, ei- In 

ther regularly alternate, or equable and un- g. 

interrupted, like the falling of the leaves of Im 

| _ the ſenfitive plant “; but we find; that, Im 

1 while moſt of our muſcles are brought, by m 

the action of /timuli, into alternate con- / 

tractions, there are ſome few which con- al 

tract uniformly and equably during the If q 

time the ſtimulus operates, without any in- I it 

termiſſions or alternate relaxations. Of th 

this kind is the contraction of the dia» m 

and. abdomanal muſcles when the Wt 
* inteſtinum 


*1 have bonkers * hs bow Yai Wt that the fi 
falling of the leaves of the ſenſitive. plant, when, 
touched, does not indicate any kind of feeling, and is 
no way ſimilar to the alternate contractions of 1 irri- X 


tated muſcles, Eſſay on vital motions, Ge, p. 245. tio! 
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inteſtinum rectum is irritated, of the - ſphindter 


pupils, while the ſame degree light con- 
tinues to act on the retina, and bf the muſ- 
cles of the internal ear as long as the ſame 
ſound is applied to this organ. Nay, the 
diaphragm, which is brought into one con- 
tinued contraction by a ſſimulus affecting 
the inteſtinum rectum, is agitated with alter- 
nate convulſions from an irritation of the 
left orifice of the ſtomach, or the pres I ; 
nerves. What account can poſſibly be 
given of this, upon ſuppoſition that theſe _ 
motions proceed from the gluten of the 
muſcular fibres? or what difference can it 
make to this inſenſible glue, whether the 
/imulus be applied to the noſe or anus? But, 
allowing theſe motions to ariſe in conſe- 
quence of an uneafy fenfation in the part 
ſtimulated, it will immediately appear, that 
they are performed in fuch manner as is 
molt effectual to leflen or remove the irri- | 
ating cauſe . | 

AGAIN, if thy: motions of niches Gm | 
ſimuli were not owing to a feeling, How 
could the hg grey motions of the dia- 


 Phragm 


* vid, An Eſſay on the vital and involuntary mo- 
Uons, P. 258, 2255 
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phragm in the hiccup be often immedi- 


ately ſtopt by ſudden fear, joy, or grief? 


Why ſhould an irritation of the olfactory 
nerves become ineffectual to produce ſnee- 
zing, when ſome of the muſcles of the 
back or thorax are affected with a rheuma- 


tiſm? And why ſhould the convulſive 


motions of the ſtomach and diaphragm in 
vomiting, be frequently interrupted by ex- 
traordinary fear, or any very great and 
ſudden ſurpriſe? It will be difficult, nay 
impoſſible, to give any ſatisfactory ſolution 
of theſe. phenomena, if the motions of irri- 
tated muſcles are ſuppoſed to proceed 
from ſome unknown property of their in- 
ſenſible glue: but they are at once intelligi- 


ble and clear, upon ſuppoſition that they 


are owing to an uneaſy ſenſation ; for as 


often as this feeling is overpowered by a 


ſtronger one in ſome other part of the bo- 
dy, or when the mind is fo ſuddenly and 


ſtrongly affected by external objects, "as, 


for a ſhort time, to become almoſt inſen- 
ſible of the irritation, the motions owing 

to it muſt be leſſened or ceaſe. | 
GRAYITY, 1 and ee: 
Al 


——_— —_ — 1 «a4 FE 1 1 18 WW 5 C5 


5 & — mr, A — _ 


9” 2 


9 Ru 7 bo JE mls — TO ©% 


Obſervations on Irritabilitiy. 


the bodies which are endowed with them, 


and may therefore be ſuppoſed to proceed 


immediately from material cauſes; altho” 
the activity of theſe cauſes muſt be, at laſt, 


referred to the great Oxlerx of all power 


and life in the univerſe; | But the motions 
of animal bodies from a /i:mulus are, in 
many cafes, fo plainly 
from an uncafy feeling, their various phe- 


nomen can be ſo eaſily explained upon this 


ſuppoktion, and are fo unaccountable on 
any other, that it is matter of no ſmall 


wonder to find many learned and inge- 
nious phyſiologiſts uſing their utmoſt ef- 


forts to overthrow this opinion, and ſtrug- 


gling, but in vain, to derive thoſe Tus 


from inanimate matter. 
ILIE, ſenſe, and proper activity, Saws to 


be inconſiſtent with the known properties 


of matter; wherefore, when we fee a ſy- 
ſtem of matter endowed. with theſe, we 
may, without preſumption, conclude, that 
they are owing, not to the material ſyſtem 
alone, on to ſome active principle anima- 


ting 


201 


| all regular and unifom in their operations, | 
and beſpeak nothing of feeling or life in 


perceived to flow . 
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2 _ Obſervations on Irritability. 


ting it. And althoꝶ even upon this ſup- 


poſition, it may be very difficult to account 
for ſome of the motions obſerved in ſuch 
a ſyſtem, or in its parts when ſeparated, 


we cannot hence conclude, that they are 
not owing to any ſuch power; but only 


that our ignorance of the nature of imma- 
terial beings, and of their particular union 
with, and manner of acting upon bodies, 


_ , throws a veil of obſcurity over theſe things, 


which the moſt enlightened. ann 
will never be able to remove. . 

M. DoE HALLE, towards the end as his 
performance, has thrown out ſome reflec- 
tions upon my manner of writing, and the 


few experiments I had made on dying ani- 


mals; which, tho' it were eaſy to obviate, 


I ſhall paſs by unnoticed, from a conſci- 


ouſneſs of their being ill- founded, a diſlike 


of introducing any thing perſonal into a 
philoſophical debate, and a perſuaſion that 


my learned adverſary him ſelf will not, up- 
on a cool review, e e of them. 
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in the 4th Volume of the Memoires ſur les 
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Refellere fine fertinacia, et "oth fine ibacundia, parati 
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AVIN G. in he: notes! to che pre⸗ 
| ceeding obſervations, obviated many - 
of NM. de Halker's remarks of leſſer moment, 
I ſhall now proceed to give a full anſwer 
to thoſe which relate to the chief points in 
debate between us; and this I ſhall endea- 
vour to do in ſuch a manner, as to thew 
that it is not prejudice, but facts, aro 
influence my judgment .. 

Bur, before I enter upon my ſubjeck E 
muſt obſerve, that although my learned 
adverſary has been at great pains, in ſe- 
veral e of his Writing f, to repreſent 

6 8 me 


® Memoires fur les parties Kae et irritable, 
tom, iv. p. 62. 


+ Memoiref for ter. partier Jon e, Kc. tom ie. 
p. 61, 62, 8 55 101. 
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me as a diſciple of Stabi, and quite pre-oc - 


cupied with his opinions; yet the reader 


will be apt to queſtion the juſtice of this 


accuſation, after being told, that one of the 


lateſt and ableſt defenders of the Stahlian 
doctrine &, has not only attacked my 
theory of the vital motions, but thinks it 


leſs probable than even that of M. de Haller 
and other mechanical phyſicians. The 


truth is, I have endeavoured to ſhew the 


opinion of Stahl and his followers, with re- 


gard to the ſoul's governing and directing 
the vital motions, to be altogether impro- 
bable f. I have derived all our involun- 
tary motions, whether vital or not, from 


the irritation of the different organs by va- 


rious /t imuli.—-1 5 have ſhewn that irritation 
only excites motions in our muſcles, by af - 
fecting them with a diſagreeable ſenſation; 
and therefore, unleſs ſenſibility may be a 
property of, matter, that the vital and o- 
ther involuntary motions muſt, at laſt, be 
referred to the mind, or ſome N er 


Fuer animating the body f. 
PART 


®* Dr Porterfeld, in his Treatiſe on che eye, vol. 2 
+ Effay on the vital motions of animals, Sect. xi. 
+ Eſſay on the vital motions, Sex, x. and . 
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8 T have allowed the tendons, liga- 

| ments, dura mater, and moſt other 
membranes, to be poſſeſſed of no more 
than a very inconſiderable degree of ſenfi- 
bility. in a ſound tate, and have. already 
ſaid enongh to ſhew that the cornea and 
marrow are not inſenſible, and that the 
kidneys are much leſs ſo than M. de Haller 
has alledged; the only points, of any con- 
ſequence, with regard to the ſenſibility of - 
the parts of animals, which remain to be 
diſcuſſed, are, 1. Whether thoſe parts, which 
have little or no fecling in a ſound ſtate, 
may not ſometimes. acquire a conſiderable 
degree of ſenſibility when they are diſeaſed. 


2. Whether, from the alledged total inſen- 


fibility of the tendons, ligaments, and mem- 


| branes, or the inviſibility of their nerves, 


we can reaſonably conclude, that they have 

really no nervous flaments beſtowed up- 
on them, i 

. Wirn regard to the firſt of theſe, 1 

N 8 2 had 
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had obſerved, that thoſe parts which are 


by all allowed to be ſenſible, acquire a 
more acute feeling when they are infla- 


med; that the parotids, tonſils, lymphatic 


glands, thoſe of the manme, and others, 


which have no acute feeling in a natural 


fate, and are often much fwelled without 
giving any uneaſinefs, become very ſenſible 
when they are inflamed, and occaſion ſe- 
vere ſhooting pains. From analogy, there- 
fore, one would be apt to conclude, that 


the tendons, ligaments, and membranes. 


may, in a diſeaſed ſtate, acquire ſometimes 


a conſiderable degree of feeling. But as 
a direct proof of this, I have ſhewn that in 


P wounds. and. ulcers, the tela cellularis be- 
comes' often very ſenſible; that, in morbid 


_ caſes the dura mater, cartilages, ligaments, 
and membranes, when laid bare, often gra- 


nulate, and are ſenfible of every acrid ſab- 
ſtance applied to them; that tho? the bones 


be inſenſible in a found ſtate, yet after frat- 
tures, or when they exfoliate, there ariſes 


from them a ſoft fleſhy ſubſtance, which 
is at firſt remarkably ſenſible, but 4 


of loſes its feeling as it e harder, till 
| | P: at 
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at la it becomes an inſenſible allen or 
bone “. Asül e 81 

I have own chat the denn wy ahie 

biceps muſcle of the arm, after being wound- 
ed in blood- letting, has not only been in- 
flamed; but found ſwelled to ten times its 
natural ſize; and that thoſe ſymptoms, 
which have been aſcribed to a wound of 
the tendon of this muſcle, are never ob- 
ſerved after bleeding at the cephalic or ju= 
gular veins, although in the laſt caſe ſome 
fmall nerves are frequently wounded f. 

Tux ſwelling and rigidity brought on 
the joints, and the calcarious matter col- 
lected within their capſule, by frequent at- 
tacks of __ gout,” jovi bad this diſeaſe 

Ai 24.581 3. 2 42 has 

2 pen diſpute, Ae fame ; 
altho* the granulation in fractures and exfoliations be 
ſuppoſed with M. du, Hamel to ariſe from the periofte- 
um; fince Nt, de Haller allows as little  Eohbilicy to 
this membrane as to the bones themſelves. 

+ M. Mabimaun, 'tho' he Has endiaroared'to'cone 
firm M. de Haller's doctriue of the inferifibility:of the 
tendons and periaſteum, yet he a | 


EP 


certain caſes the tendons are affected with violent 
pain. J'ai remarque les plus fortes, et les plus in · 
ſupportables douleurs dans les tendons entrés en 
* putrefaction ou ſuppures.' Vid. Memoires for tes 
parties ſenſibles, tom. ii. P. 143. 


that in 


2¹⁰ | 1 


has its ſeat; hin n nerves, 
but in the tendons and ligaments of- the 
articulations. The pain and fwelling in 
conſequence of a ſprain of the wriſt or ancle 
cannot reaſonably be aſcribed to the over- 
ſtretching of the ſubcutaneous nerves: the 
_ weakneſs; of the joint for many weeks or 
even months, and the pain occaſioned by 
moving it, clearly ſhew the ligaments and 
tendons to be the parts which had ſuffered. 
The great increaſe of pain occaſioned by 
the leaſt motion of joints affected with the 
rheumatiſm, proves that this diſeaſe has al- 
ſo its ſeat in the tendons and ligaments, 


Which laſt can in ſome caſes be perceived 


to be conſiderably ſwelled. Laſtly, I have 


| obſerved, that the dura and pia mater have 


been found inflamed and mortified in pa- 
tients, ho have died of a phrenitis, and 
that the headach in the beginning of fe- 
vers, has not commonly its ſeat in the te · 
guments of the ſkull, but in the arg or. 

Per bak the pia mater. | 
Ix anſwer to theſe, and er n ar- 
gumments to prove that thoſe parts, which 
in a found Tate have yery little feeling, 
| | may 
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may be rendered very ſenſible by diſeaſes 
M. de Haller is pleaſed to ſay, That my ob- 
ſervations are vague and without preci- 
ſion *: That to a tendon; found. inſenſi- 
ble, I ought to oppoſe a tendon, which felt 
the ſtroke of the lancet, and to a dura mater 
burnt without PAIN, an inſtance of convul- 
ſions occaſioned by burning that mem 
brane; But is not this reaſoning plainly 
evaſive? For, ſince I do not alledge-that 


the tendons or dura mater, in a ſound ſtate; © 


are poſſeffed of any other than a very ob- 
tuſe ſenſation, all that is incumbent on me; 


is, to prove that thoſe. and other parts 
reckoned inſenſible by M. de Haller, are 


ſometimes ſo changed by diſeaſes, as to be 
endowed with a painful feeling. 


M. DoE HALLER eee. M. Fari 


an inſtance of a patient, in whom the pleura 
was found mortified after death, although 
he had never had any more than an obtuſe 
pain in his thorax . Inſtead of criticiſing 
on ch ee Wicks 15 not related with ſuf- 

ficient 


. Memoires far ler parties ſenſi bler, Kc. tom. iv; 
p. 195, 106. 


+ Vid. Memoires y tes parties able, & Ke. tom. | 
iv. p. 2 & tom. 11 p. 427. | 
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| &cient. preciſion to'draw any certain. con- 


clara from it *, I ſhall oppoſe to it the 
following proof of the ſenſibility of the 
plemra in a man of 21 years, upon whom Dr 


Middleton,phyſician at New-York, perform - 
ed the operation of the -empyema. The 


Doctor, in the account of this patient's' 
caſe, which he was pleaſed to tranſmit to 
me, has the following paragraph. . Ha- 
ving diſſected down to the pleura, the mu- 
ſcular fibres were thruſt aſide with the 
„handle of the ſcalpel, till it was expoſed, 


for about one half inch in length; it feem- 
ed of a pale whitiſh colour, and ſounded 
« ſomewhat like a drum; the edge of the 
« knife: being now moved very cautiouſly | 


and lightly: along the expoſed pleura, we 
* obferved that the patient changed che 
« ſtile of his complaining, and cried out 
« with ſome vehemence that the pain now 
Vent to his heart. I immediately recol- 
7 Lede the nee ae Dr Haller and 
48. N 
2 Phyſicians are not ignorant, that according to the 
degree of the diſeaſe, and the conſtitution of the pa- 


tient, inflammations are attended with very different 


degrees of pain; and that, after death, ſmall mortifi- 
cations are ſometimes obſerved, even in the ſtomach 


and inteſtines, altho' no very violent pain has preceeded. 
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Pr Whytt relating to the ſenſibility; or in- 

« ſenſibility of membranes, and, before the 
« pleura was yet penetrated, I aſked him if 
« the cutting now gave him more pain 
than before? he anſwered very readily 
« in his way, Oh yes, it ry way goes! to 
my very heart,” 

Tas pleura ſeems to 15500 Li nite 
more ſenſible in this patient, than it is ever 
in a natural ftate, and altho? it did not ap- 
pear red, yet from the collection of pus in 
the thorax, it could not fail to be diſeaſed, 
and probably, in ſome degree, inflamed. 

I have formerly mentioned the bad con- 
ſequences obſerved by my worthy colleague 
Dr Monro ſenior after piercing the capſular 
ligament of the knee-joint, to let out a war 
tery fluid which had been collected there; 
and have now to add, that the induſtrious 
Dr Reimarus has lately given a particular 
account of three patients, in whom the 
piereing or wounding of this ligament was 
followed, after ſome days, with violent 
pain, ſwelling, and fever *, My learned 
friend Dr Simon long before, not only ob- 
ſer ved 


® Diſſert, de tumore 8 circa articulos, 
p. 15, et 16, | 
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ſerved the ſame fymptoms in'a patient 


whoſe'caſe he deferibes, but tells us that 


the moſt acute pain was felt, when the 
tended. capſula of the Kknee- joint Was 


cut *. Nay, even the caſe mentioned by 


Mr Warner is a proof, that the ligaments 


of the joints are not inſenſible in a mor- 
bid Rate; for tho' the patient had a per- 
fold Wbt in about 12 weeks, yet he 

was much pained, not only for ſeveral 
hours after hone ys een daran aun 


times f. 


Bor to theſe; indeed every other in- 


Kancbschat can be produced, of pain occa- 


ſioned by cutting thoſe parts which M. 
de Haller reckons > ra he has found 


a ready anſwer, by affirming, that in ſuch 


caſes, the pain is not owing to thoſe parts 
themſelves, but to ſome ſmall nerves paſl- 


ing along their furface l. And particu- 
larlythe aſcribes the ſenſibility of the cel- 


lular membrane below the ſkin, in an in- 
A ſtate, to ſome mal nervous m 


Es 
* „ Edinburgh Medical Eflays, vol iv. art. 0 


. + Vid. Philoſophical tranſactions, vol. xlix. p. 45). 
compared with Memoires ſur les parties ſenfibles, &c. 
tom. iv. p. 59. 

r Memoires ſur les parties ſenſibler, tom. iv. p. 105. 
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cs paſſing through it, or to the interior la- 
melle of the true ſkin, which have been 


- miſtaken, for. the tela cellulgſa. But this laſt 


obſervation. can no ways account for the 
pain in thoſe ulcers that are deeper than 
the ſkin; and if the firſt were true, every 
part of the inflamed cellular membrane 


ought to be inſenſible, except thoſe places N 


W the branches of the nerves traverſe 
it; whereas every point of a ſuppurated 
W in the cellular ſubſtanee is acutely 
ſenſible, as ſurgeons daily obſerve. But 
further, whence comes the ſenſibility of 
that ſoft granulated ſubſtance, which ſome-, 
times ariſes from the ſurface of the bones, 
cartilages, and membranes ? It cannot be 
ſo much as pretended, that there are any 
branches of nerves running along the ſur- 
face of this newly generated ſubſtance. 

ALT Ho undoubtedly the pain occaſion- 
ed by wounding thoſe parts Which are rec - 
koned inſenſible by M. de Haller, may» 
ſometimes be wing partly or chiefly to 
ſome ſmall nervous filaments running a- 
long their ſurface, but not belonging to 
them; yet to aſſert that this is always the 


e 07 — 


caſe, Over" to ol a mere ſubterfuge, and 
38 a ſtrong indication of the weakneſs of 
that cauſe for whoſe ſupport ſuch an ar- 
gument is neceſſary. If the pain which 
Dr Middletor's patient felt, when he touch- 
ed the pleura gently with the point of his 
knife, was owing to ſome nerve running 
along its ſurface, why was not as great a 
pain felt in cutting the ſkin, tela celluloſa, 
and intercoſtal muſcles, which could: not 
well be done without wounding ſeveral 
ſmall nerves? The Doctor's particular at- 
tention in making this experiment, ren- 

ders it probable that any conſiderable 
nerves running along the ſurface of the 
pleura would not have eſcaped his notice; 
and if there had been but one branch, it 
Was ſcarce to be expected, he would have 
hit upon it, not only when he firſt gently 
touched the Pleura, but alſo afterwards 
when he cut it. - Thoſe patients mention- 
ed by Dr Reimarus, who fuffered ſo much 
after piercing the capſular ligament of the 
knee: joint, felt but little when the wound 
was made, nor did the pipes pain come 


on . ſeveral Bitte *. This, however, 


could 
9 biker de tumore ligament, | . 15. et 16. 
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could not have been the caſe, if their bad 
ſymptoms” had been owing to the cutting 
or wounding ſome ſmall branches of 
nerves. Further, the pain was felt thro” 
the whole ligament of the joint, and not 
chiefly or ſolely in the wounded part; 
which, however, muſt have happened, mo 
it proceeded from the nerves *, _ | 
1 ſhall only add, that fince it appears 


from certain obſervations, that the mem- 


branes, tendons, and ligaments are liable 
to inflammation, it will likewiſe follow 
that they are in ſuch a fituation ſenfible. 


Phyſicians and ſurgeons know that the ſe- 


veral parts of the body acquire a more a- 


cute feeling by inflammation; that the 


more ſenſible any part is, the more apt it 
is to be inflamed by irritation, and that 


ſuch calli as are quite inſenfible are alſo in- 
capable of mflammation. Indeed, to al- 
ſert that any part may be inflamed, and 


yet remain altogether inſenſible, is a para- 
dox that will hardly go down with any 
one who has been much converſant in 


practice. 


Bur it will Rl be objected to what has 
N. | been 


5 — | Differt de tame. ligament. P. 17. 
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been ſaid, How can we ſuppoſe thoſe parts 
to be endowed, in any ſtate,” with any de- 
gree of feeling which are deſtitute of 
nerves, and Which numberleſs experiments 


on living animals have ſhewn to be inſen | 
ſible *? In anſwer to which, it is proper 


to obſerve, that M. de Haller's experiments 
do not demonſtrate either the tendons, li- 
gaments, or membranes to be altogether in- 
ſenſible, any more than the liver, ſpleen, 
kidneys, and ureters; for when theſe laſt 


parts were pricked or cut, the animals 


ſhewed no ſigns of pain f. If therefore we 
know, from undoubted obſervations on 
men, that the ureters, kidneys, &'c. are 


not deſtitute of feeling, it will follow that 


the tendons, ligaments, and other parts rec- 
koned wholly inſenſible by M. de Haller, 
may, notwithſtanding his experiments, be 
alſo endowed with ſome ſmall degree of 
feeling, and conſequently may, hke other 
parts of the body, acquire a greater, ſen- 
ſibility when they come to be in an in- 


Hamed ſtate, 
415 


NMemoires fur les parties ſenſibles, Ke. tom. iv. p. 106, 
+ AR, Gotting. tom. ii, p. 13 1.; et Memeires ſt 
des parties ſenſibles, tom. iv. p. 33. 
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Ir, indeed, it could be proved chat the ten- 
dons, ligaments, and membranes are real - 
ly deſtitute of nerves, M. de Haller's con- 
cluſion would certainly follow, viz. that. 
in no caſe could they become the ſeat f 
painful diſeaſes. But this leads me to the 
ſecond point which T propoſed to conſider, 
vz. Whether, from the alledged inſenſibi- 
lity of any part, or the inviſibility of its 
nerVeſe WE can Ty: excites chat! it has 
none. 

II. M. DE ONT is ae that the 
tendons, ligaments, cartilages, and mem - 
branes, have no nerves. Firſt, Becauſe if 
they were furniſh2d with nerves they 
could not be inſenſible; and 2dly, Becauſe 
anatomiſts have not been able to trace 
their nerves, either with the diſſecting 
knife, or to diſcover them ** the help of 
the microſcope *, 

(r.) Wir regard to. the firſt of theſe ar- 
guments, we have already ſhewn that M. 
de Haller's experiments only prove the 
parts in queſtion to be deſtitute: of any 
nn ſnelings but not that they are al- 

N 5, = +. Woe 

Mauolres ſur let parties ſen/ibler, &e. tom. iv. p. 28. 
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together iufküe and it is moſt certain, | 
that a part may be furniſhed with nerves, 
and yet have little or no ſenſibility. The 
quick feeling of that ſoft vaſcular ſub- 
- kance which ariſes from bones after exfo- 
bation, and alſo from cartilages, is a con- 
vincing proof, that theſe parts, tho in a 
natural ſtate the moſt inſenſible of any in 
the whole body, are not deſtitute of nerves: 
And it ought always to be remembered, 
that altho' the ſenſibility of the ſeveral 
parts. proceeds from their nerves alone, yet, 
in certain parts, theſe nerves may be fo 
- compreſſed. or otherwiſe changed, as ei- 
ther to feel very obtuſely, or perhaps not 

at all: 
(2.) Wx cannot conclude with certainty, 
that a part has no nerves beſtowed on it 
becauſe they are inviſible; for there are 
many veſſels in the human body whoſe 
- exiſtence we muſt: acknowledge, tho” they 
be too ſmall to be diſcovered by our ſenſes; 
and it will hardly be doubted, that the 
ſmaller inſects are furniſhed with muſcular 
fibres, whereby they perform their various 
motions, altho! theſe inſtruments are too 
minute 


SK = 0 d a. -7 
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minute tobe diſcovered even by the help 
of the microſcope. h 

Wirk regard to the AG Ker it 
cannot be denied, that many parts, which 
were truly muſcular in a fetus, become in 
an advanced age tendinous, we muſt con- 
clude, that the tendons, as well as the mu- 


ſcles, are furniſhed with nerves, altho? the 1 


ner ves of the former may be ſo compreſſ- 
ed by their hard compacted ſubſtance, as 
in a great meaſure to be deprived of their 
ſenſibility. The inflammation and pain 
conſequent upon opening the cap/ule of the 
joints is a proof that theſe parts have alſo. 


nerves beſtowed: upon them: And grant- 


ing that no nerves could be demonſtrated 


to terminate in the phura and dura mater, - 
as M. de Haller alledges, which, however, is 


doubtful, ſince the accurate Winſlow dè- 
ſcribes them; yet the inflammations with 
which thoſe membranes are often affected, 
and that ſenſible granulated ſubſtance 
which ſometimes ariſes from them, are a 
ſufficient proof, that . are not e | 


ner vgs. 3 
Arno“ atatomiſts are unable to de- 


tert e monſtrate 
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monſtrate the nerves of the arrow and 


the cornea, or conjunctive covering it, yet 


their ſenſibility is · a proof that they are fur - 
niſned with - nervous. filaments. M. de 
Haller, who ſuppoſes the cornea to be a con- 
tinuation of the epidermis, or of the nature 


of the: nails, aſcribes the pain felt upon 


touching the forepart of the eye, to ſome 
imall nerves that run between the con- 
junctive and cornea x. But not to mention, 


that the vaſcular ſtructure of theſe mem - 


branes ſhew them to be eſſentially different 
from either the cuticle 4 or the nails, I 


may venture to affirm, that no anatomiſt 


has yet diſcovered any branches of nerves. | 
running between the conjunctive and cer- 
nen; where, indeed, they could be of no 
uſe, but, if they happened to paſs oppo- 
lite to the pupil, would diſturb the diſtinct 
viſion of objects. The exiſtence, however, 

of ſuch nerves, altho' it were granted, 
would by no means account for the con- 


_ Nah, junctive 

Memoires ſur les parties Jenfibler, &c. tom. iv. 
p. 59. and 108. 

+ Since the cernea is covered by che conjoflehve, it 


js not eaſy to conceive how it can be a cominuation of 


the e cuticle, which is the moſt 1 tegument of 


K 
- 
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confink! being. affected by the ſlighteſt 8 
touch, and by ſimuli which raiſe no pain 


ein the lips or fauces, becauſe it is the ex- 


tremities of the neryes that feel moſt a- 
cutely, and not their ſides, which are de- 
fended by the coats which ſurround their 


medullary ſubſtance. Further, if the pain 


occaſioned by touching the eye, were ow- 
ing, not to the conjunctive which covers it, 
but to the nerves running between it and 
the cornea, how ſhould it happen, that the 
ſlighteſt touch gives it ſenſible pain, where- 


as, when the eye lids are ſhut, a conſider- 


able preſſure on the er of. the eye 


gives little or no uneaſineſs? 


LAs TL, Since the ſmall 1 op 
ed by M. de Haller to have nerves , Which 
indeed their muſcular ſtructure foppoles, 
it will follow that the tendons, ligaments, 


and membranes cannot be altogether deſti- 
tute of nerves; for thoſe parts are, in a. 


great meaſure, a contexture oß veſſels that 
carry either red blood or finer fluids ;'and 
no anatomiſt, however ſubtile, can' be cer- 
tain, that the ops nervous filaments, 

n, entering 
I Memoires hr le} parties 2 &c, tom; iv. 
p. 87. | 
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entering thoſe parts along with their ar- 
teries.or veins, may not be partly beſtowed 
on that portion of their ſubſtance which 
is not vaſcular. - But be this as it will, iff 
the - tendons, ligaments, and membranes 
conſiſt partly of veſſels that are endowed 
with nerves, and are not altogether inſen- 
ſible, they may certainly, when inflamed, 
acquire a greater degree of ſenſibility. 


17 F< - be . , 1 - 
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innen $15 us! 1411 
AVING' 3 ſhewn that we 135 
no reaſon· to doubt of the irritabi- 
lity 05 the fmall arteries and ſeveral other 
parts, althoꝰ N. de Hallers experiments do 
not diſcover any ſuch power in them, 1 
all, paſſing by ſome points of leſs mo- 
ment, proceed to inquire particularly, whe- 
ther the power of contraction obſervable 
in ſuch muſcles as are irritated depends 
wy the nerves, and is connected Ws | 
5 ts es) 165 Me ** 


e 
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ſenſibility, or whether it may not be a 
property of that glutinous matter which 


partly compoſes the muſcular fibres, 


Is an Effay on the vital and other invo- 
luntary motions of animals, publiſhed in 
1751, I endeavoured to prove that the mo- 
tions excited in the muſcles by irritation, 
are owing to a diſagreeable feeling in them 


or their nerves; but M. de Haller, after ha- 


ving made a variety of experiments on li- 
ving animals, concludes, that irritability 1s 
an innate property of the muſcular fibres, 
or rather of their glutinous ſubſtance, and 
denies that it depends on the nerves, or has 
any connection with ſenſibility *. 1. Be- 
cauſe the moſt ſenſible parts, ſuch as the ſkin 
and nerves, are not irritable f. 2, Becauſe 
the irritability of the muſcles is not obſer- 
ved to be in proportion to their ſenſibi- 
lity f; and, 3. Becauſe parts deſtitute of 
feeling are irritable |. After giving a par- 
ticular anſwer to each of theſe argu- 
ments *, „Iendeavoured to ſhew, by many 
| examples, 
” vid. AR. Gottingenſ. vol. Il. publiſhed i in 175 3 | 

f AR.” Gotting. vol. II. p. 134. 

+ Ibid. p. 136. || Ibid. p. 134. 

vid. Pbyſiolog. Eſſays, edit. 1. p. R 
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examples, That the irritability of the mu⸗ 
ſcles or muſcular organs is always increaſed, 
when, from any cauſe, their ſenſibility is 
rendered greater That in different ages, 
the irritability of the muſcles bears ſome 
proportion to their ſenſibility- That when 
the ſtomtach is diſordered, the heart is often 
rendered more irritable, merely from ſym- 
pathy, and in a nephritis the ſtomach be- 
comes ſo ſenſible that it can ſcarcely bear 
any ſtimulus. I have proved, by various 
inſtances, that the irritability of the mu- 
{cles is leſſened, or even deſtroyed by cold 
and by opium, which alſo leflen or deſtroy 
| ſenſibility. I have mentioned fome deci- 
five experiments on dying animals, which 
_ demonſtrate the connection between ſenſi- 
bility. and irritability ; and, laſtly, I have 
ſhewn that the Phanomena of many of the 
involuntary motions in men, are not to be 
accounted for, without ſuppoſing them to 
proceed from feeling . 

Now, in what manner has M. de Haller 
anſwered this chain of argument, which 
T had brought to prove the connection be- 
tween irritability and SORE He tells 

us, 
» Vid. Phyſiolog, Elis edit. 1. i 
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as, chat the nerves, although the moſt ſen- 
ſible parts of the body, are not irritable, 
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and that ſenſibility is as the number and 


bareneſs of the nerves, while irritability is 
as the number of muſcular fibres expoſed 


to the irritating cauſe; and therefore theſe 
tWo powers are in no  proportiolf to each 


other. He obſerves, that inſets, which 
have neither a brain nor nerves, are 2 
theleſs endowed with: irritability. 


entions a few detached pbænamena, wy : 


of which may at firſt view ſeem td make 


for him, while others are ho ways applica- 


ble to the point in queſtion; and inſiſts, as 


he had formerly done, that ſince the mu- 


{cles continue to be irritable for ſome tinie 


after their nerves are tied or cut, this-pro- 


perty certainly ſubſiſts after the power of 
the nerves is altogether deſtroyed; and 


therefore can have 1 no Kp on 1755 | 


fibility X. 


As this laſt argument is the only. 6 one of 


any conſequence which M. de Haller has 
brought againſt the connection which I 
have Ne to prove between irrita- 


15 | F „ 16 50a 


* Vid, Maire * ler . ſenſibles et irritabler, 
tom, iv. p. 92. & 93. & p. 118—124. 
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bility and ſenſibility; I ſhall begin with 
conſidering it particularly: And if I ſhall be 
able to make it evident by the plaineſt facts, 
'and the faireſt analogy, that the motions of 
muſcles whoſe nerves are cut, neither ſhew 
that irritability is independent of the 
nerves, Hor even that it has no connection 
with ſenſibility? I ſhall find little difficulty 
in refuting every thing elſe that my learn- 
ed adverſary has advanced, either in fa- 
vour of his own ſyſtem, or in eee 
to mine. 115 | | 
A F 
5 I Bites produce convulſive contrac 
tions of the ſtomach, not by irritating its 
_ muſcular fibres, but by affecting its nerves 
with a diſagreeable ſenſation. The /emen 
does not excite the acceleratores urine into 
alternate motions by acting on their fibres, 
but by ſtimulating the nerves of the wrethrs. 
The ſame is true of the natural /:mul: which 
act on the inteſtines, heart, and other mu- 
ſcular organs; nor can one inſtance be pro- 
duced, in the human body, of any vital or 
in voluntary motion that is owing to an 


| _ arritation of the muſcular fibres of the 
| | | 2 organ 
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organ itſelf. If then, in a natural Rate, e. 
very inſtance of the motion of muſcles 
from irritation is owing to a fimulut act. 
ing on their nerves, and not'on their fibres, 
is-it not reaſonable to conclude, that the 
contractile power or irritability of the mu- 


ſcles depends upon their nerves, and is con- 
_ netted with fenfibility ?. Büt to this con- 


cluſion it will be objected, that, in many 
animals, the muſcles continue to Preſerve 
their power of motion for a confiderable 
time after their nerves are tied or cut. 
Arrzs ſeparating one of the thighs of 
a frog from its body, the muſcles, when 
laid bare and irritated; are not brought in- 
to any ſtrong contraction; but their en? 
or ſometimes only a feœ of chem, are agi - 
tated with a weak tremulous motion. But. 
when the extremity of the crural nerve, 
where it Was cut, is irritated; the muſeles 
of the thigh and leg are ſtrongly convulſed; 
and after this part of tho nerve his been 
rendered inſenſible by repeated irritations, 
and loſt its power over the muſtles, if it be 
pricked a little below, the member is con- 
vue as e W in ion manner, by 
| en LING a) Rt ns 
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proceeding gradually downwards with the 


irritation of the nerve, convulſive motions 
of the muſcles were renewed and continued 
for above a quarter of an hour "of Dr Oeder 
oY Coppenbagen *. 
AGREEABLY. to this, wha the 8 
nerve, in a dog, is compreſſed or cut, and 
pricked below this, the diaphragm is con- 
tracted in the ſame manner as if the com- 
munication of its nerve with the brain had 
not been interrupted; and by deſcending 
downwards with the irritation, the mo- 
tion of the diaphragm may be renewed 7 
and continued for ſome time +. 
Do not theſe experiments clearly prove, 

that the nerves, after being ſeparated from 
the brain and ſpinal marrow, : retain their 
power over the muſcles: And if, after de- 
ſtroyin g, by frequent irritations, the ſupe 
rior part of any nerve, the muſcle to which 
it belongs can be ſtill conyulſed by pro- 
ceeding downwards with the irritation, 
till we arrive at the muſcle itſelf, upon 
en e a Wege ay en n "er 


3 
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than it had on any part of the nerve; does 
it not clearly follow, that the irritability of © 
the muſcles depends on their nerves; that 
when the fibres of any muſcle are Rimy- 
lated, the contraction which follows does. 
not proceed from any active power, or in- 
nate property in theſe fibres themſelves, 


but from the irritation of the ſmall ner- 


vous filaments which terminate in them; 
and that a ,imulus applied to a muſcle af- 
ter its ſeparation from the body produces 
only a very feeble contraction, while an ir- 
ritation of its nerve occaſions ſtrong con- 


vulſions; becauſe in the former caſe its 


ner ves do not ſuffer ſo much as in the lat- 
ter, nor are ſo many of them expoſed to 
the ſtimulating cauſe? 

Ir greater motions were excited in the 
muſcles by an irritation of their fibres, 
than of the nerves going to them, or if the 


muſeular fibres continued to be affected by 


/limuli, after their nerves had loſt. their 
power altogether, it might fairly be con- 


cluded, that their irritability was in a great 


meaſure independent of the nerves, and. 
* to the fibres themſelves; but we ſee 
U it 3 that: 


— 
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that the contrary of all this is true * ; And | 
indeed, whatever deprives the | nerves 


wholly. of their powers, renders the mu- 
ſeles, at the lame time, altogether incapable 
of motion, Thus tho' frogs live and can 
move their limbs and body for ſeveral 


hours after their head is cut off, yet in leſs 


than an hour, after injecting a ſolution of 
ep14m in water into the ſtomach and inte- 
ſtines of theſe animals, their muſcles are 
neither convulſed by the ſtrongeſt ſtimuli 
applied to their fibres or nerves, nor even 
by an irritation of the ſpinal marrow t. 


Taz plaineſt facts, therefore, prove that | 


the irritability of the muſcles depends on 
their nerves, and that the nerves preſerve 
their power over the muſcles for a con- 
ſiderable time after they are, ſeparated from 
the brain or ſpinal marrow; and ĩt is real- 


ly matter of wonder, that theſe points 
ſhould have ever admitted of er after 


I haxe obſerved in frogs, to hae I had give 51. 
«m1, that a probe puſhed into the ſpinal marrow pro- 
dnced a feeble contraction of the fore · legs, after prick- 
ing and cutting their 1 had failed to excite any 


motion. | 
+ Eſſay on the vital motions, Kc. p. 372. 


la 
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che numerous experiments that have been 
lately made to diſcover the nature and 
ſource of that power e guten the mu- 
ſcles in motion x. wr 

"4 1 n aiba REA en 

Pour exciter du movement ks tes 0 tar 
« [irritation des nerſe, il n'eſt pas neceſſaire, gu 
« ce nerf ait conſervs ſa coutinuite avec le cerveau,ni a» 
« rec la mozlle de: Pepine. Car [irritation d'un nerf. 
« entierement ſeparẽ de la mozlle de Pepine ou du cer- 
veau, produit let m mes contractiont dans le miſele; 

* que celle d un nerf, dont la continaiti aver cer parties 
« eff conſer us e. Memoires fur la nature irritable, . 
tom, i. p. 237 & 238. 

« Cer experiences confirment ce que j'ai. dit un pews 
« plus haut (p. 238.), en comprimee, un lie, qu'on- 
« coupe le nerf d'un muſcle, et gu on ale ep tout le 
** commerce gu il avoit avec le cerbeau : qu'on irrite ce 
« zerf, pourvu g i foil encore frais et buntide, c cer ir. 
te ritations- produeront dans let mnſelis auquel ce nerf © 
« aboutit les memes ꝛnouueme nr, ga "eller aurojent pro- 
« duit, ft ſa continuil# avec le cerveau etvient entiere. | 
Ce theareme ayant.Fte prouve * pour les nerſt, qui  obeiffent 
«2 la-valonte, Pet ich pour les nerf vitaux,” bid. 5 

245. & 446. | | 
could any one have imagiged that M. de Faller, af - 
ter the aboye acknowledgment; would have concluded 
that the motions. of. thoſe muſcles, which he irritated 
after he had cut. their nerves, were performed without 
the aſliſtance of theſe nerves (a)? and that he could 


aver 
(a) Memdirts for 1 nature irritable, tom. i. exper. 2466 


* 
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Tu nerves are not to be conſidered 
merely as the excretory ducts of the brain 
and ſpinal marrow; but as real continua- 
tions or productions of their medullary 
ſubſtance, which are endowed with. certain 
powers that they retain in a great meaſure, 
even after being divided from their origin: 
And if the ſeveral parts of a polypus pre- 
ſerve a power of motion and life, and be- 
come capable of forming new animals af- 
ter they are divided, why may not the me- 
dulla oblongata, ſpinal marrow, and nerves 

J f 
have been ſo blinded as not to ſee, that irritability, or 
the ſecond force which he aſeribes to the muicles, is 
ov ing to the ſmall neryes which terminate in them, and 

ck: like their larger branches, preſerve their power 
for a conſiderable time after they are cut, or tied? N. 
de Haller allows, that the more violent motions of the 
muſcles are produced by irritating their nerves, and 
that opium which deſtroys ſenſibility deprives the nerves. 
of this power (a). Is it not, then, highly probable 
that the weaker convulſions of the muſcles excited by 
an irritation of their fibres, which are of a ſimilar na- 
ture with thoſe that are ſtronger (5), and are alſo de- 
ſtroyed by opium (c), proceed from the power of thoſe 
- ſmall inviſible nervous filaments with which they are 


furniſhed, and not from. any power or property. in the 

muſcular fibres independent of their nerves? 

(e) Ibid. p. 237. K 256, (0 Ibid. p. 256, ws 
(c) Vid. Eſſiy on vital me tions. Ce. P- 311. Cr. 
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of the larger animals, retain their powers, 
in a leſſer degree, for a ſhort time after 


1 are ä from each other! 4 


I. de made it fullciently ent 


_ that irritability depends on the nerves, we 


come next to conſider whether the motions. 
excited by ſtimuli in thoſe muſcles whoſe 
nerves are tied or cut; be a proof that irri- 
tability has no connection with ſenſibility &. 
AnD here it is obvious to obſerve, that, 


if the convulſive motions _occafioned by 
_ irritating the medullary part of the brain, 


or the medulla oblongata in dying animals, 
are allowed to be a proof of their ſenſibi- 
lity; and the like motions excited by ſti- 
mulating the medulla ſpinalis, after the head 
is cut off, ſhew that it ſtill continues to 
feel +; it will . follow, that the 


convulſions 


Vid. Memoires for ” partie Heul, cc. tom. iv. 
P. 119. 

+ That the convulſive motions excited in the mu- 
ſeles by irritating the medulla oblongata or ſpinalis are 
owing, not to the mechanical -propulfion of any fluid 
through the nerves proceeding from them, but to the 
ſenſibility of thoſe parts, can ſearce be doubted, finee 
the convulſions ee by OY, ans {Wie 

; Nn 
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convulſions produced in the muſcles by 
_ irritating their nerves after they are cut, 
or below the ligature after they are tied, 
are equally ſtrong indications of ſenſibility 
in theſe nerves.. Nay, M. de Haller himſelf 
has expreſsly told us, however unfavour- 


able it may be to his ſyſtem, that after cut - 


ting the ſpinal marrow of frogs in two, 
their hind-legs continued to be ſenſible, 
and the animals felt the irritation of their 
nerves. See Memorres ſur la nature Feil ble, 
&c. tom. 1. exp. 201. & 202. 


Bur further, unleſs thoſe motions pro- | 
duced by irritation : were owing to a diſa- 
greeableſenſation excited in the muſcles or 


their nerves, how comes it that the mu- 


ſeles of a frog's legs and thighs, which are 
Tn CCC 


down the brain in a dog to whom Dr Kaan Boer baave 


had given ſix grains of opium were a hundred times leſs 


than thoſe which he had been in uſe to obſerve in other 
dogs who had got nothing to lull their ſenſes (a), Fur- 
ther, the effects produced by irritating the medulla ob* 
longata or ſpinalis are vaſtly greater than could be ex- 
pected from ſuch a cauſe; thus not only a ſmall irrita- 
tion with the point of a needle, but acrid ſubitances, 
which do not act by mechanical impulſe, ſo affect thoſe 
parts as to excite ſtrong contraQions of the muſcles... 
(e]. Impet, faciens Hippocrat, dit, No. 435« 
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not ſenſibly moved by orickingrits feet or 
toes immediately upon decollation, ſhould, | 
in ten or fifteen! minutes after this, be 
brought into motion by touching thoſe 
parts with one's finger, and be ſtrongly con- 
vulſed by cutting them with a pen-knife ? 
In this caſe, does not the greater pain oc- 
caſioned by cutting off the head, render 
the irritation of the feet ineffectual, at firſt, 
to produce any motion in the muſcles of 
the legs and thighs? and are not theſe parts 
moved, afterwards, by a much weaker /ti- 
mulus ; becauſe the pain of decollation is ſo 
much abated, as not to prevent the animal 
from feeling when its toes are touched? 
This experiment, which I have repeated 
ſeveral times, is related more fully in the 
firſt edition of the preceeding obſervations; 
and as I looked upon it to be'a deciſive 
proof of the connection between ſenſibility 
and irritability, I defired that the learned 


M. de Haller, or any of his diſciples, would . 


favour me with ſome probable explication 
of it upon their principles. But as my 
learned adverſary, ift his anſwer, has not 
taken the ſmalleſt notice of this experi- 

ment, 
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ment, nor attempted, in any manner, to 


remove its force, I muſt be allowed to 


think it now an unanſwerable proof, that 
the motions produced by irritation depend 
upon the ſenſibility of the parts. 

Tr is obſervable, that an irritation of the 
nerves, which are the moſt ſenſible parts, 
produces the moſt violent motions in the 
muſcles ; and when they are, by being 


ſtretched, rendered more ſuſceptible of 


pain, ſtill greater convulſions are oceaſioned 


by pricking them: The'irritation of the 


muſcular fibres, which are leſs ſenfible than 
the nerves, excites only a weaker contrac- 
tion; and ſtimuli applied to the tendons, 
which are in a natural ſtate deſtitute of any 
painful feeling, produce no motion at all, 


altho? theſe tendons be really a continua- 
tion of the muſcular fibres. Theſe phens- 


mena will not be eaſily explained, except 
upon. the ſuppoſition, that the motions ex- 


_cited by irritation are an to an uneaſy 
feeling. 


Bor this will appear Nil more evident, 
if we conſider that thoſe motions which 


are occaſioned by ſtimuli, acting, not on the 


organ 
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organs moved, but on diſtant parts, cannot 
poſſibly be owing to any change made on 
the glutinous matter of the muſcles, but 
proceed from that ympathy which prevails 
in the nervous ſyſtem; and muſt be aſcri- 
bed to an uneaſy ſenſation in the part irri- 
tated, ſince all conſent ſuppoſes feeling, and 
is indeed dees f upon au Ar 
principle. 

Tus che cotton of the — S | 
light affecting the retina; the convulſive 
motions of the ſtomach and diaphragm, 
which attend an inflammation of the kid- 
neys, or are occaſioned by a ſtone irrita- 
ting the ureters; the accelerated motion or 


Palpitation of the heart from a diſorder 


in the ſtomach; the convulſton of the dia- 
phragm from an irritation of the noſe, and 
its continued contraction when the inteſti- 
num rectum or bladder are ſtimulated. 
Tusk, and other ſympathetic motions, 
which might be mentioned, are all owing 
to an uneaſy feeling in the parts irritated, 
whence certain organs, with which they 
have a particular {ympathy by means of 
the BETTER are either excited into N b 
| Hamel int pa dis 58 
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five contractions, or rendered ſo irritable 
as to be much moe eaſily affected by /ti- 
muli than uſual. If, then, motions occa- 
ſioned by the irritation of a «diſtant part, 
proceed from feeling, it will appear no leſs 
probable that thoſe contractions, whach are 
excited an any muſcular : organ by irrita- 
ting its fibres or nerves, are owing to their 
being hurt by the „imulus. 

Ir is obſervable, that all ilipathivtic 
motions ceaſe as ſoon as the brain and 
{pinal marrow are deſtroyed, or the com- 
munication between them and the nerves 
is cut off; the reaſon of which is, that the 
nerves have no ſympathy but at their 
origin *: While, on the other hand, the 
contractions produced by an immediate ir- 
ritation of the parts moved, or of their 
nerves, continue for ſome time, becauſe 
the nerves do not at once loſe their powers 
after being 1 from 1 1 and 
. en d e ne SA out r 

Ore Fi % 52 
. The de of this gd and that ſxmpa- 


+ thy is not owing to any communication or connection 
of the nerves in their courſe from the brain to the ſe- 
veral parts of the body, I have endeavoured to. prove 
in Tome obſervations on the ſympathy of the nerves, 


ol 4 


which I propoſe ſoon to lay before the public. 


1 


999 
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Ir it ſhall be aſked, How can a 15 me, 
when it has no connection with the brain 
I anſwer, That I know not how it el ei- 
ther when it is contetted with the brait. 


or ſeparated from it; but undoubted expe- 
riments ſhew that it feels in both Caſes. * ; 


for we have ſeen that the nerves, when. 1 4 

ritated, exhibit the fame marks of ſenſation 
after being tied or cut, as they do in an en- 

tire ſtate: And here Lam naturally led 
to conſider the metaphyſical arguments, 
which M. de Haller has brought to prove 
that irritability has no connection with 
ſenſibility; but ſince, in his late remarks f, 

he has done little more than to renew the 
ſame objections to which f had formerly 
given à ſufficient anſwer f, and as à phy- 
fical queſtion muſt beter ned by facts 
and obſervations, and not by metaphyſical 
reaſoning, I ſhall only ſuggeſt, that when 


m rr 1 confines the A to 


ann the 


0 M. 5 Haller A acknowledges that 8 1 
der limbs of a frog feel after its ſpinal marrow is cut 
in two. Memoires oh Ja nature — tom. i. 
exp. 2. | , 

+ Memoires ur le partie fend, 6. tom, vs p. 
1017/*&, 


I Vid. PhyGological elan, edit. 1, p. 1 Ke. 
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the brain, he has certainly forgot chat a 
frog lives, moves, and is ſenſible, thirty 
hours, a viper three days, and a tortoiſe ſix 
months, after the loſs of the brain *. When 
he argues, that if the whole nervous ſyſtem, 
or the whole body be animated, we ought 
to be ſenſible of loſing a portion of our 
ſoul when an arm or a leg is cut off t; he 
does not ſeem to have been aware, that an 
immaterial ſubſtance cannot, like the body, 
be divided by the anatomical knife, and 
that the indiviſibility of the ſoul does not 
depend on the unity of that body which 
it but on its own particular na- 
E _ Laſtly, When. he concludes. that a 
nl 40 whoſe nerves are tied or cut, or 
which is ſeparated from the body, can have 
no kind of ſenſibility, becauſe, when it is 
pricked, or otherwife wounded, the. per- 
ſon, to whom it belongs, feels not the ſmal- 
leſt pain I, he had 1755 ertainly not attended to 
what I had ſuggeſted to ſhe w, that it is on- 
ly in the brain that the ſoul reaſons, re- 
members, and is conſcious of £ the Ma" 


= vie. Phyſiological «ſays, edit, 1. p. 168. be.; 4 
Eſſay on the vital motions, p. 385. and 386. 

+ Memoires far ler parties ſenſibles, &c. tom. iv. | 
P. 121. 1 Ibid. p. 119. and 120 
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of the different parts of the body K. When 
a nerve or a muſcle is irritated after its 
communication with the brain is cut off, 
although there be ſome kind of feeling in 
the part itſelf, yet the animal has no con- 
ſciouſneſs of this; becauſe the amen 
enſorium is not affected by it. gie 
Tur learned philoſopher” 2 
f Calden Eſquire; Governor of New-Vork, 
ſeems to have underſtood this matter well, 
and has ſet it in ſuch a light as may be ſuf- 
ficient to anſwer all M. de Hallers metaphy- 
ſical difficulties. In a letter to me, dated 
at New-York, April 15. 1760, he expreſſes 
himſelf as follows : The mind is not 
« confined to any particular part of the 


body; for nothing can act Where it is. 


not. But we are only conſcious of thoſe 
ſenſations which are communicated ” ; 
« the nerves to the common fenforium ; for ; for 
« otherwiſe the action of any one part has 
no relation to the whole ſyſtem; we are 
« not otherwiſe conſcious that we feel, In 
« this common reference of every part to 
« the whole, perſbnality or ſameneſs and 
« wennn conſiſt. 8o likewiſe it ſeems 
54304] ; X 2 |  * probable, 


© Mis eſſays, edit. * 169. &c, 
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4 of which we are conſcious, or all actions 


of the will, ariſe in the common /enforeum. 
The mind may have different perceptions 
of the actions of bodies or of matter in 
the part on which any body immediately 
acts, from hat it has of the ſame. action 


© communicated to the common fenſorium; 


but we are only conſcious · of the laſt: and 
ſo we may not be conſcious of the opera- 
tee the mind when its action does 
et PROcecd from,” __ common youe 
| 1 vitin. O £33331: 5 5 2910 eh! 1 
eee ane * nnter. 
Wen ETHER the pvitabliey of the muſcles 
nde their nerves, and is connected 
with ſenſibility, or not, is a point that muſt 
be determined by experiments alone; and 


for this purpoſe it is ſuſſicient, if we can 


prove chat the nerves are endowed with 
feeling and a power of moving the mu- 


ſcles ; and that, after they are tied or cut, 


they retain-theſe; powers in ſome degree 
and; for ſome time. It is altogether unne- 
ceſſary to inquire, Whether thoſe powers of 
hone + alma ' Owing! to che particular diſ- 


- 
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poſition and arrangement of the matter of 
which they are compoſed, or to ſome im- 
material principle animating them. This 
is a queſtion intirely metaphyſical and no 
ways connected with the dependence of ir- 
ritability on the nervous power; and 
whichſoever way it may be decided, the 
arguments will remain in full force which 
[ have uſed to prove, that the motions pro- 
duced in the muſcles by irritation are 'ow- 
ing to the nervous Pons? a pq 
with ſenſibilit . ; 
I have formerly offered i it as my inen | 
that not only the ſenſibility of the ſeveral 
parts, but that power of motion which the 
muſcles poſſeſs, muſt be referred, at laſt, to 
that living principle which many of the 
wiſeſt philoſophers in all ages have ſuppo- 
ſed to animate the human body: But 1 
will venture to ſay, that, leaving the ſoul 
out of the queſtion, many who are not ma- © 
terialiſts, will think it as reaſonable to a- 
ſcribe feeling to the nerves, as to attribute 
the active power of irritability to the glue 
which partly compoſes the muſcular fibres; 
for dead matter ſeems to be as little capa- 
ble of real activity as of ſenſibility. 
X 3 r Ir 
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2 In 15 esch that the irritable power 
of the muſcles appears to be independent of 
the nerves, becauſe many inſects are poſ- 
feſſed of it in a remarkable degree, altho? 
they have neither a brain nor nerves *. 
To this argument I had anſwered before, 
that even the ſmalleſt animals might have 
nerves, or ſomething analogous to them; 
though, on account of their exility, they 
are not to be-difcovered even by the beſt 
microſcopes. But now I am told, that, 
ſince 1 affirm inſets have nerves, it is in- 
cumbent on me to demonſtrate thoſe parts 
which our ſenſes difivow f. Are we then 
to deny the exiſtence of every thing 
which does not fall under the cognizance 
pf: our ſenſes, and reject all reaſoning con- 
cerning the ſtructure of animals from ana- 
logy? Will M. de Haller think it a ſufficient 
anſwer to the arguments he has brought 
to prove, that the medullary fibres of the 
brain and the nerves are hollow tubes and 
a dy hag A fluid Þ t6 —_ that, ſince he 

air 


+ 8 8 les. parties ſeuſiblet, &c. rom, iv. 
p. 92. 122. and 123. 
33 

F Prime line phy baleg 387. &. 


animal; and it is highly probable, that ma- 


may really be furniſhed with them, altho', 
on account of their ſmallneſs, they may for- 
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affirms the nerves. to be hollow, it is in- 
cumbent on him to demonſtrate theſe ca- 
vities which our ſenſes diſavow ? of 
As a ſingle nervous fibre is too ſubtile to 
be diſtinguiſhed, even in the largeſt ani- 
mals, by the beſt microſcopes, Why may 
not inſects be endowed with nerves, al- 
tho? too ſmall to be diſcovered by our ſen- 
ſes? The ingenious Mr Lyonet of the Hague 
has, as I am informed, -by the help of the 
microſcope, diſcovered and delineated not 
only che medulla ſpinalis in the caterpillar 
that feeds on the willows, but the nerves 
ſent out from it to the ſeveral parts of that 


ny other inſets who have no head or brain; 
and have been thought to want nerves, 


ever eſcape our moſt induſtrious reſearches. 
Bur ſuppoſing, what is by no means 
probable, that moſt inſets were really deſti · 
tute of nerves; would it thence follow, 
contrary to the cleareſt experiments, that 
the muſcles of larger animals do not owe 


_their power of motion, as well as ſenſa- 


tion, : 
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tion, to their nerves? Becauſe inſects, in 
which we can obſerve no brain or nerves, 
are endowed with feeling, and undoubted- 


ly perform voluntary motion, are we to 


conclude, that ſenſibility and voluntary 


motion in men do not depend on the 


brain and nerves ? 
Ir is. obſervable, that M. de Haller only. 


concludes, from the inviſibility of the 
nerves in polyp: and other microſcopic in- 
ſecs, that there may be muſcular motion 
where there are no nerves , but if he had 
reaſoned fairly, he ſhould ha alſo added, . 
nor muſcles ; for in thoſe inſets we can as 
little demonſtrate a muſcular as a nervous 
ſtructure. This, however, was wiſely kept 
out of view, as the abſurdity of aſcribing 
muſcular motion to animals deſtitute of 
muſcular fibres, would have been rather 
too glaring, and muſt have expoſed the 


weakneſs and fallacy. of this whole ys 
ment. 


Tux truth of the matter. is, chat many | 
inſects, in which we can neither diſcover 


muſcles nor nerves, appear, as far as we 


can 


„ Memoires fur les parties ſenſiblet, &c. tom. iy, 
P. 123. 7 
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can judge from experiments and obſerva- 
tion, to be endowed not only with a power 
of motion, but alſo with ſenfation; the 


proper concluſion from which is, not that 


the muſcles and nerves in men and other 
animals are unneceſſary to motion and ſen- 
ſation; but that thoſe inſects are either poſ- 

ſeſſed of theſe inſtruments, altho?;*on ac- 
count of their ſmallneſs, they be inviſible, 
or that the great AurHox of nature has en- 
dowed almoſt every part of their bodies 


with the powers of ſenſation and motion, 


although he has neither given them nerves 


nor miei fibres like e of the 1 855 
animals. MOST aint o) Sfdrronaiony 


IV. I N to 1 hy nia be- 
tween irritability and ſenſibility, I had 
obſerved that the irritability of the mus 


ſcles or muſcular organs in the human bo- 
dy, was obſerved to bear a proportion to 


their ſenſibility *. To this it has been an- 


ſwered, that ſenſibility” is proportioned to 
the number and bareneſs of the nerves, 
while irritability is in proportion to the 
number of fibres expoſed to the irritating 
| _ . - caule: 

* Phyſiological eſſays, edit. 1. p. 189, * 


Cauſe x. The obſervation is moſt certainly 

true; but, like many others that have been 
drought againſt me, is nothing to the pur 
poſe. The nerves and the ſkin, altho' the 
moſt ſenſible parts of the body, are not 
irritable like the muſcles, becauſe they are 
not, by their ſtructure, fitted for motion; 

the number, therefore, and bareneſs of 
the nerves beſtowed on any part, will not 
make it irritable, unleſs it be of a muſcu- 
lar nature: And ſurely no one, who had 

any tolerable knowledge of the human bo- 
dy, could ever imagine, that the moving 


3 power of its different parts ſhould be pro- 


: portionable to their ſenſibility alone, what- 
ever difference. there might be in their 


ſtructure or other circumſtances. But where 


the ſame; muſcular, ſtructure takes place, 
and the ſame number of fibres are affected 


bythe ſimulating cauſe, there irritability 


will be found always proportional to ſenſi- 
bility. The effects of inflammation and o- 
ther examples formerly produced , clear- 


* n FR FN: Ny of * mu- 


ſcles 


=. Vid. „dae! 4 hu ter partie ffs Ke, tom. 
ir. p. 92. 
+ * een effays, edit, 1. p- 189. Kc. 
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ſcles and organs, in the ſame FOE: is at 
different times, , eeteris.. paribus, propor- 
tioned to their ſenſibility: And the fre- 
quent palpitations of the heart. from flight. 
cauſes. in thoſe omen who are poſſeſſed 
of a very delicate nervous ſyſtem, as well 
as many other facts that mig ht be mention- 

ed, ſhew that the irricability of the heart 
in different perſons, is proportional to its 
ſenſibility. , In like manner, are not the in- 


teſtinum — and the bladder of urine ren- . 


dered impatient almoſt of any ſtimulus, 
when their ſenſibility is increaſed by their 
being inflamed, excoriated, or ulcerated ? 

Ber it has been ſaid, that the ſtomach, 


tho? leſs irritable, is nevertheleſs more ſen- 


ible than the heart *. The nerves on the 
internal ſurface of the ſtomach. have a 
very peculiar feeling, whereby they are diſ- 
agreeably affected hy many ſubſtances that 
neither offend the tongue, ſauces, nor even 
the eyes: but, on the other hand, they can 


bear the touch of brandy, vinegar, and hot 


ſpiceries, with much leſs uneaſineſs than 


- thoſe parts, or than the ſkin when depriyed 


of the cuticle. The en of the 


nerves | 
0 AR, Gotting. vol. II. P. 136. a 
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nerves on the inſide of the ſtomach 18, 


therefore, of a peculiar kind, and cannot 
be properly compared with THe feeling of 
the nerves in the other organs. But ſup- 


| poling, that the heart were leſs ſenfible 


than the internal ſurface of the ſtomach; 
yet it 18 to be conſidered, that theſe organs 
are not, in other reſpects, alike ; and there 
can be no doubt, that of organs, which 
are only 1 in part muſcular, the moſt ſenſible 
may be the leaft irritable. The muſcular 
fibres in the ' ſtomach are vaſtly fewer in 
number, and may, for any thing we know, 
be alſo leſs ſenſible than thoſe of the heart. 
The ſmall degree of ſenſibility which the 
muſcular fibres of the ſtomach poſſeſs, 
when compared with the delicate and pe- 
culiar feeling of its internal ſurface, ſeems 
to be'the reaſon why, in living animals 
. whoſe abdomen is opened, pricking the ſto- 
mach with a needle or the point of a knife 
does not produce any ſuch convulſive mo- 
tions of its muſcular coat, as are occaſion- 
ed by the much weaker irritation of its 
inner ſurface by emetics, difagreeable ali- 


ments, and other t cauſes, 
\THE 
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"Tus muſcular fibres, as far as can be 


gathered from: nee on brutes, or 
obſervations on men, are only endowed 


with a middle kind of ſenfibility, and have 
a leſs acute feeling than the nerves, or even 


than the ſkin and ſeveral other parts *, It 


is noways inconſiſtent, therefore, with the 
great irritability of the heart, that it may 
be leſs ſenſible than the {kin when deprived 
of the cuticle, or even than the internal ſur- 
face of the ſtomach, or that animals do not 
ſhew figns of great pain when it is irrita- 


ted f. All that is required to its greater 


irritability, is, that it abound more in mu- 


{cular fibres, and be poſſeſſed of a ſenſibili- 


ty, at leaſt equal, if not ſuperior to that of 


the other muſcles. The very numerous 


muſcular fibres-of the heart will not be de- 
nied, and there is noꝶxperiment or obſer- 
vation that ſhews theſe fibres, in a natural 
ſtate, to be leſs ſenſible than thoſe of the 

Y + -. *. other 


Vid. Brockleſby in Philoſoph. Tranſat. vol, xlix. 


P. 243». -: 
+ After opening tlie rar, it is not to be expected 
that animals can feel additional pain ſrom wounding 


their heart, unleſs it were much more ſenſible than the 


parts which have been cub beſore, Beſide, we cannot 


Judge with certainty of the feelings of a dying animal. 
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other muſcles Indeed the heart's. pre- 
ſerving life ſo hea and its being ſo ſenſi- 


ble of all kind of ſtimuli, are ſtrong pre- 


ſumptions of its delicate feeling, and that 
its nerves, as well as thoſe of the inteſtines 
may, perhaps, be ſo conſtituted as to pre- 
ſerve their powers longer, after being ſepa- 
rated from the brain and ſpinal marrow, 
than thoſe of the other muſcles. 

Ir has been juſtly obſerved by M. de 
Haller, that the heart, in dying animals, is 
much more affected by the gentle /imulus 
of warm water puſhed mto its ventricles, 
than by applying the moſt acrid liquors to 
its external ſurface, or even pricking it 
with the point of a knife +: And we know 
that, in living animals, the motion of the 
heart is often greatly increaſed by a degree 
of acrimony in the d imperceptible to 


the ſenſes, and by thè chyle which is much 


leſs Aae chan thoſe nee . . which 


it 

£m The anterna) ſurface of the heart and inteſtines is 
rendered leſs ſenſible than it would otherwiſe be, by 
being covered with membranes that are poſſeſſed of 
very little feeling: and hence that woman, whotg i inte- 


lines were handled by Peyerius, complained. of no pain. 


Pareg. anat. exercitat. i. cap. iv. 
+ AR. Gotting. vol, 1, 
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it is prepared, and which the ſtomach and 
inteſtines bear without any pain, or re- 
markable increaſe of their. ene mo- 
tion. 

Bur if the irritability of the heart nei- 


ther depends on its ſenſibility nor on its 


nerves, for what purpoſe has nature be- 
ſtowed any upon it? Since its motion is 
only of the involuntary kind, one would 
be apt to think it might have been better 
without nerves altogether; for, upon M. 
de Haller's ſyſtem of irritability, they ſeem 
to be of little ones uſe *, than to make the- 
| Y F< 56 heart 


1 vid. Stconde letire de M galant, 3 Memiires 
fur les parties ſenſiblet, tom. iii. &c. p. 371. N 
: Mr Caldanj affirms, that the irritation” of the par 3 
vagum and intercoſtals, after opening the thorax, nei- 
ther accelerated nor renewed the contraction of the 
heart in lambs, Bur this authority will be more than, 
balanced by that of Millis and Lower, Kaau Boerhaave 
and Laghi, Kaau Boerhaave tells us, that, after the 
heart's motion had become languid .in dogs, whoſe 


cranium he had opened, he always obſerved, that it 


contracted more briſkly when the cerebe/lum or me. 
dulla oblongata was irritated. Laghi ſays the fame 
thing happened when he ſtimulated the cardiac nerves. 
And Willis and Lower have long informed us, that 
when the par vagum and intercoſtals were tied, the 

e F 
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heart liable, when diſeaſed, to a painful 
ſenſation, from which it muſt have been 


enen had it N deſtitute O nerves. 


v. IT is laid that irritability. cannot 6% 


pend , on ſenſibility, becauſe the greateſt 
pains do not always occaſion .convulſive 


motions, and violent convulſions are of- 
ten without pain. With the ſame view 
we are told that cauſtic vapours de- 
ſtroy the irritability of the heart without 
exciting pain and that paralytic members 
retain their feelingafter their power of mo- 
tion is loſt, See Memoires ſur les parties ſen- 
f bles et irritables, tom. iv. p. 92. & 93. 


1x anſwer to theſe obieRtions, 1 az bs 
fuſſicient to-obferve, that, 


(a) ALTHouGH in the gout, rheuma- f 


tiſm, toothach, and other diſcafes, there is 
A violent pain without any mene 
; \ becauſe 


heart was affected with uncommon tremors and palpi- 
tations. Indeed, when numerous experiments thew 
that the other muſcles are convulſed by irritating their 
nerves, it muſt appear highly improbable, that the 


nerves of the heart have no power over it. However, 


we (hall afterwards ſee, ſrom the effects of opium, that 
the irritability of the heart depends upon the nervous 
Power, as wr as that of the other muſcles. 
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becauſe the parts affected are not muſcular, 
or perhaps have no particular ſympathy = 
with any of the muſcles, it can never be 
concluded, contrary to the evidence of | 
numberleſs experiments and obſervations, 
| that a violent pain in the muſcles or their, 
| nerves does not produce convulſions. Be- 
ſides the experience of every practical phy- 
ſician will atteſt, that acute pain is moſt 
apt to occaſion convullive motions in thoſe 
patients whoſe nerves are endowed with 
the moſt delicate feeling. | 
(9) In women, convulſions are often- 
owing to ſudden and ſtrong affections of 
the mind, or to an uneaſy ſenſation in the 
* ſtomach or inteſtines. But as theſe cauſes. 
produce convulſive motions by diſagree- 
ably affecting the nervous ſyſtem, nothing 


8 can be concluded from them againſt the 
5 connection between irritability and ſenſibi- 
N lity; on the contrary, they are rather a 
proof, that the former of theſe powers de- 
WW 

: pends on the latter. 


he FuxTHER, as thoſe general chnvallibns 
r, which often happen to hyſteric patients 
at from a diſordered ſtate of the alimentary 
us canal, can only be accounted for from the 
Y3 _ ſympathy, 


8 of trritability. 


ſympathy that obtains in the nervous fy- 
ſtem, they cannot be independent of feel- 
ing, without which there could, ſtrictly 
ſpeaking, be no conſent of parts which are 
diſtant from each other. 

Tux whole body is often more diſorder- 
ed from a diſagreeable ſenſation in certain 
nerves or organs, than from acute pain: 
Thus a nauſea. or ſickneſs at ſtomach, par- 
ticular ſmells and ſounds, will affect ſome 
very delicate women with fainting and 
convulſions; and more violent motions 
are occaſioned by tickling the ſoles of the 
feet, or the ſides, than by cutting them 
with a ſharp inſtrument: But from theſe 
examples it can never be juſtly inferred, 
that there is no connection between irrita- 

bility and ſenſibility... | 
(e) Nor only cauſtic vapours, but foul 
| air, the ſteams of ſulphur and of ſtrongly. 
fermenting liquors, quickly deſtroy ani- 
mals, and put a ſtop to-the motion of the 
heart; but, in the preſent argument, no 
| e can be drawn from this effect 
of thoſe ſubſtances. M. Caldani, Who is 
| Hoſe . A. e, argues, that irrita - 
bility 


„ 


E 
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bility cannot depend on ſenſibility, be- 
cauſe water or air makes the heart con- 
tract more briſkly than cauſtic vapours. As 


a proof of this, he tells us, that when frogs 


were inclofed in a glaſs-· receiver full of 


theſe vapours, the heart ſoon beat feebly, 


or not at all, and could not be made to 


move briſkly by any writation : He adds 
that, fince theſe cauſtic vapours applied to 


ſenſible parts occaſion pain, it follows, that ; 
irritability is deſtroyed by thoſe things 


which excite {ſenſibility &. Such indefinite 


experiments and ill- founded concluſions 
ſcarce deſerve any anſ wer.. 0 


CavsTic vapours, whether they excite 
pain or not, deſtroy tlie motion of the 
heart by their corroſive acrimony or poi- 
ſonous quality; and the heart of a frog, 
immerſed in boiling water or oil of vitriol, 


ceaſes immediately to move, becauſe its 
nerves and fibres are greatly injured by 


them. Although, therefore, moderate „i- 
muli excite and increaſe the motion of the 


eee ie. hot, acrid, and corroſive fub- _ 


— 


. See Memoires ky Fs partie anfiles, kr. tom. Wo 
g. 369. et 370... 0 N 
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ſtances render it ſoon. callous "7 incapa- 
ble either of feeling or motion. 
(4) Wrex a palſied leg or arm retains 
its ſenſibility, we can only conclude that 
voluntary motion may be loſt, while the 
ſenſe of feeling remains: For the muſcles 
of members that are not only paralytic, but 
even withered in a good degree, may be 
excited into convulſive motions by ſtimuli, 
and therefore are not wholly deprived of 
their irritability. Of this J had a ſtrong 


inſtance ſome time ago in a man, whoſe 


left arm: had been not only palfied for 


twelve years, but was much extenuated, 


_ notwithſtanding which, the muſcles of this 
arm were brought into contraction every 
time they received the electrical ſhock. 
But further, it ought to be obſerved, that, 


in paralytic caſes, the nerves which go to 


the muſcles may be often more obſtructed 


ed on the n 


or weakened, than thoſe nen are a eth | 


VI. As pry is s well e to md 


or deſtroy the power of feeling in animals, 


I thought it might throw no ſmall light 


* þ 


«'F Y 
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F Vol. 2. art. xx. p. 280. GE 3 
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on che controverſy concerning irritability, | 
to determine by experiments, how far that 
ſubſtance. alſo, weakened. or deſtroyed the 
moving power of the muſcles. - | | 
THESE experiments, Which are to be 
found in my Eflay on the vital motions of 
animals *, and in the Edinburgh Phyſical 
eſſays , were made with care, and are re- 
lated with preciſion; nor have I ever truſt- 
ed any one fact to a ſingle experiment. 
Wu x one would determine accurately 


che effects of opium on the motion of the 


heart, it is not ſufficient to inform us, as 


ſome have done, that, after giving ap:am to 


dogs or frogs, the animals were opened, 
and their heart was obierved to continue 
its motion, altho' the inteſtines had loſt 
theirs. Experiments made and narrated 
in this looſe uncircumſtantiate manner are 
by no means deciſive. The method I fol- 


lowed was, to open and inſpect the animals, 


which were expoſed to the action of opium, 
at different times, and to obſerve accurate- 
ly the ſteps by which it firſt weakened, and 
at laſt put a ſtop tothe motion of the heart: 

„„ 


462 , Irritability. 
and in order to aſcertain exactly the num- 


ber of its pulſations, I always uſed a watch 


with a hand that marked ſeconds. 

_.. From about twenty experiments con- 
ducted in this manner, I have clearly, and, 
as J have been told, to the ſatisfaction of 
ſeveral able phyſicians, proved, That opium, 
_ injected into the ſtomach and inteſtines, or 


applied to the bare abdominal muſcles of 


frogs, ſoon leſſens, and, after ſome time, 
entirely deſtroys all feeling and power of 
motion, not only in the parts to which it 
is applied, but through the whole body: 


That opium produces theſe effects by its 
action on the ends of the W which it 


SIT 1 8 rl * * 
Tuches 1 n SI" or opium in 


water, conveyed into the ſtomach and in- 
teſtines. of frogs, ſoon renders the motion 
of the heart remarkably flow, andat length 
puts a ſtop to it altogether 4 : That opium 


.. weakens and deſtroys the motion of the 


heart, in frogs, n ſooner than the de- 
| a . oF Eirucucn 
„ nn object. 9. below. | 


＋ In half an hour it reduced the pulſations of the 
heart in one frog, from above 60 to 17 in a minute: 


And in another frog, after an hour and fix minutes, 


the heart did not move above ſeven times in a minute. 
See Edinburgh Phyſical Eſſays, vol. 2. p. 281. and 282. 
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- | firuction of the brain and ſpinal marrow : 

| | That it operates much more flowly i in de- 
ſtroying the heart's motion in frogs de- 
prived of their brain and ſpinal marrow, 
than it does when theſe animals are en- 
tire; and that, when applied to the bared 
abdominal muſcles of the former, it ſeems 
to put a ſtop to the motion of the heart 
only a very little ſooner than would hap- - 

pen from the loſs of the brain and ſpinal 
marrow alone . Whence it follows, that 
opium weakens or deſtroys the moving 

: power of the heart chiefly, if not wholly, 

S' by the mediation of the brain and ſpinal 

t marrow, and conſequently that the motion 

n | of the heart depends upon the influence 

of the nerves which it receives from thoſe 


The heart of a 9 thiny-fire minutes u it 
was deprived of its brain and ſpinal marrow, beat 
thirty times in a minute. The heart of another _ 
whoſe brain and ſpinal marrow were-deſtroyed, beat 
26 times in a minute, after a ſolution of opium in water 
had been applied thirty-ſix minutes to its bared ab- 
0 dominal muſeles: But after a ſolution of op/um had 
been applied in the ſame manner, and for the ſame 
tine, to an entire frog, its heart only beat fix timesin T 
minute. Vid. Edinburgh n tes, vol. 2, art. 
ar. No. g. 6. and 7. ot Ih 22 {a 


ww Fy 5 wv wv _  v 


> = 


parts. The deſtruction of the brain and 
ſpinal marrow only prevents the deriva- 
tion of any new inſuence from theſe parts 
to the heart, but does not immediately de- 
Rroy the power of the cardiac nerves them- 
ſelves. On the other hand, opium, applied 
in ſufficient quantity to the ſenſible parts 
of frogs, not only ſoon puts a ſtop to the 


action of the brain and ſpinal marrow, and 


thus produces the ſame effect upon the 
heart as does the loſs of thoſe parts, but 
alſo deſtroys the power of every nervous 
filament proceeding from them, and there- 
fore puts a ſtop to the motion of the heart 
in frogs, ſooner than the deſtruction of the 
brain and fpinal marroẽw. 

I have ſhewn likewiſe, from the 3 
tions of Dr Kaau Boerhaave *, and from an 
experiment made at my a by Dr Ram- 
ay, that opium, introduced into the ſto- 
mach, or injected into the cavity of the ab- 
dumen, ſoon renders the pulſe remarkably 
ſlower in dogs: And it is well known that 
men who have ſwallowed laudanum by miſ- 
take, i in ſo great quantity as to occaſion 

deaths have 4 a n pulſe and reſpi- 
x ration 
8 iber faciens Hippoerat, did. $. 3e. 455· K 436. 
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| | cation chan patients who die either of com- 

| mon diſeaſes, or by other poiſons. 
TO my experiments made on animals 

| with opium, and the concluſions drawn from 

4 them, M. de Haller has made the following 

d objections, which T have been at pains to 


8 collect and range in ſome kind of order, 
e ſubjoining to each what, it is N will 
d de 4 ee r e, 
e 1 
it Objection 1. Ovrom heats the body o- 


5 duces ſweat, and quickens the pulſe, In- 
ſtead of making it flower, as Dr 9 5 has 
t _—_ K. de 
e | | — 
een and Odium- in a moderate » 
8 doſe, generally heats the body a little, pro- 
n motes ſweat, occaſions thirſt, and renders 
the pulſe ſomewhat fuller; yet I am not ſo 
certain of its effect in accelerating the mo- 
| ion of the heart. But ſuppoſing opium in 
7 a ſmall quantity always quickened the 
pulſe, it would not thence follow, contrary 
1 to the cleareſt experiments on brutes, that 
* it muſt have the ſame effect when taken ſo 
1 een ga as ey en life; for we know, 
ES d ane „ 
* Mem. fart 1 artier fue, &c. tom. iv. p. 158. . 
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that notwithſtanding it gives 0 and 
even vigour to many people who are ac- 
cuſtomed to it, yet if uſed, even by them, - 
in excels, it produces a ſtupor and bY paraly- 
tic debility for ſome time . Opium, in a 
moderate doſe, may, by its ſtimulating 
Auality, heat the body and quicken the 
pulſe a little; while a greater quantity of 
it may ſo weaken the ſenfibility and acti ve 
power of the whole nervous ſyſtem, as, 
_ notwithſtanding its /timulus, to render the 
motion of the heart more languid. Agree- 
ably to this, Dr Langri/h has obſerved, that 
an .ounce of laurel-water given to a 
- occaſioned much ſtronger convulſions than 
five or fix ounces. The firſt quantity was 
ſufficient to irritate the nervous ſyſtem, 
the laſt quickly deſtroyed the powers of 
life altogether, and therefore prevented 
the laurel-water from producing, by its li- 
mulus, any ener pr mo⸗ 
tions +. | | try feng 
"mow whatever may be the elect of opi- 
- Wh, 
. Kaau Boerhaave ira. faciens nr. 40. 
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un, in a ſmall doſe, upon men, nothing is 
more certain, than that it renders the pulſe | 
remarkably flower in frogs and other ani- 
mals K. My very ingenious colleague Dr 
Alexander Monro junior, who has been lately 
employed in making many curious experi- 
ments with opium on frogs, laid bare the 
heart of ane of theſe animals, and then 
poured thirty drops of a filtrated ſolution 
of opium in water into the cavity of the ab- 
domen. In two or three minutes after this, 
the heart did not beat above half its uſual 
number of times in a minute: And in four 
minutes its pulſations were reduced almoſt 
to one third of their uſual number. In 
five or fix minutes the blood ceaſed tg 
move in the ſmall veſſels of the foot; al- 
tho, upwards of four hours after the ſolu- 
tion of um was dropped. into the cavity 
of the abdomen, the heart was obſerved to 
perform about a dozen. of very able con- 
tractions. 


IN a frog, which Limmerſed 3 in n * 


of apium, after laying open its whole abdomen 
and thorax, the motion of the heart was, 
in eleven minutes, reduced to leſs than one 
; Z 2 | waxes ſifth. 

* Vid, note, p. 262. and 263. above. 
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fifth of its uſual quickneſs, and-1n about 
— minutes. it. ceaſed een e bam 


- ObjeR.. 2, Ta = diminution of the quick- t 
neſs of the pulſe in that dog into whoſe 6 
abdomen Dr Ramſay injected a ſolution of 
opium, was. owing to the opening of the 
_ thorax, and drawing aſunder the ribs: And 
Dr Whytt certainly exaggerats matters 
greatly, when he repreſents this dog's pulſe 
as beating 150 times in a minute, becauſe 
this is too great a number to be counted t 


Anſwer. M. pr 11114 ER has forgot, that, 
before either the ribs were hurt, or the 
thorax laid open, the pulſe of this dog was 
reduced from 150 to 76 in a minute f. The 
effect of the opium was ſo ſudden in this 
experiment, that four minutes after it was 
injefted into the abdomen, the dog was 
rendered ſo inſenſible, that he felt no pain 
when the teguments of his * were 

Aiſſected. E 
Was, e to the 6er of this 
A Me. 4. 

* Edinburgh Phyſ. eſſays, vol. 2. art. xx. No 11. 
+ Memoeires ſur les part. ſenſib. &c, tom. iv. p. 126. 
} See Edinburgh Phyſical cllays,. rol. 2. Pp. 298. 

and 299. | 
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bowls pulle before the injection of the epi- 
um, Tknow Dr Ramſay's accuracy too well 
to ſuſpect that he could be ſo far miſtaken, 
as any ways to affect the concluſion to be 
drawn from this experiment: And if Dr 
Langrifh obſerved the pulſe to beat 84 times 
in a minute, in a dog 22 inches high , it 
cannot appear altogether improbable that, 
in Dr Ramſay's dog, who was not ſeven: - 
inches high, and only fix months old, the. 
hae: of the pulſe might be 150 ; = "> 


: 57 7 9 = 0 
TIE 23. ra _althg* - 
3 A. 


* 
„ Phyſical apa on banks p. 95; 3 5 | 

- + It may be proper to obſerve, that this dog, ha- 
ring had ſeveral experiments made on him before, ſeem- 
ed to be greatly frightened when Dr Ramſay laid bold: 
on him; and that on this account his pulſe might, per». 
haps, beat twenty times more in a minute than if. 
the animal had been quite free from fear. This cir» 
cumſtance, however, which 1 was only lately informed 
of by Dr Ramſay, cannot invalidate the concluſion 
which I have drawn from his experiment; becauſe this - 
dog's pulſa, four minutes after the ſolution of ' opiuny 
was injefted imo the abdoncn, only beat 36 times in a 
minute. 

But in order to remove all reaſonable doubt con- 
cerning this matter, Dr Ramſay has taken the trouble 
to anke the following ee, which 1 ſhall relate 
in his own Words. 85 | 

<> The 


is 1 i HE 
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altho? ab bert ef a full grown 8 | 
not commonly contract above 70 times 
in a minute, yet in a child of half a year: 
old, it makes —_— 900 nne. in 1 
time. E 
1 WnꝭũXX M. + Haller n pulle of 150. 
in a minute is too quick to be numbered. 
be ſhews himſelf not to have attended with 
any accuracy to the velocity of the pulſe: 
z ſexeral diſcaſes. ain the fever pre- 


. * — | 
LE 8 . £795 41 ceeding 


—— 1% The experiment tumade this afternoon to 
cc determine the quickneſs of the oo in a ſmall dogs, 
Big « was as follows. | 

% The dog was ſeven weeks old; here weighed ex- 
« actly twenty ounces; his pulſe beat from 15 to 18 in 
«« five ſeconds, which, at the loweſt, makes 180 pulſa - 

« tions in a minute; and that 1 might be under no 
* miſtake, I examined both the pulfation of his heart 

. through the ribs and the beating of the arteries of his 
legs. I continued the examination a quarter ot an 
hour, during which I felt the pulfations both of the 

«« heartand arteries about twenty times. As I gave the 

« dog no pain, and as he ſeemed fond of me, 1 con · 

1 clade the above to be his natural pulſe; and if I can 

be certain of auy thing,. I have made no miſtake in 

« this laſt experiment. It is obvious to obſerve that 
the quicker motion of the heart in this dog, than in 

e that one igto whoſe abdomen I after wards injected a 

- © ſolution of opium, muſt have been owi ug to his being 

much youn ger and of a ſmaller five,” 


% » 


d 5 8 B 8 788 4 


of ina. 4 | 277 


ceeding the eruption of the ſmall- pox, in 
children from two to four years, I have 


moſt commonly obſerved the pulſe to beat: 


14 or 15 times in five ſeconds, i. e, from, 
166 to 180 in a minute. In a peripneu- 
monic fever, in children of two or three 
years, I have met with a pulſe which beat 
16 or 17 times in five ſeconds. In fuck 


patients as died of a dropſy in the ven- 
tricles of the brain, I have generally, a day 


or two before their death, obſerved the 
pulſe to beat from 150 to near 200; and a 
phyſician of this place aſſured me, that in 
a. patient of his who died of this diſeaſe, 
the pulſe moved at the rate of 216 times 
r 3 
Object. 3. M. ve HALLER conn never 
kill a dog with opium, in whatever doſe he 


gave it; and therefore this ſubſtance does 
not deſtroy the moving power or irritabi- 


wa of the heart *.. 
Anſwer: IT is certain that Dr. Mead and 


others have killed ee with opium; and 


N a let dartier ſenfibler; &c. en iy, bs L26. | 
Wy REOSURS HL ee * Nene 
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pradtical phylicians have had too frequent 
experience of its proving fatal to the hu- 
man fpecies; when taken in an immoderate 
doſe &: Frogs and many other animals are 
likewiſe deſtroyed by it. But ſuppoſing 
that oprum, even in large quantities, did not 
kill dogs; yet, if in a few minutes it renders 


it cannot be denied that it leſſens the irri- 


tability of their heart, while it deſtroys, 


at leaſt for a time, the ſenſibility and mo- 
ving power of all the other parts of the 
Obſecꝶ 4. Six cx um which deſtroys feel- 


ing, does not put a ſtop to the motion of 
the heart, the irritability of this organ can 


not depend on its ſenſiblility f. 8 


Anſcber. T have ſhewn from various ex- 


periments , which are confirmed by thoſe 
of Naau A $ and . |], that 2 | 


ſoon 


* Hi FIRED Acad. Royals der friences, 1735» p. 6. 
ay on the vital motions, p. 194. ; and Fdiuburgh - 


| Med. Effays, vol. 5. part. 1. art. xii. ſect. iũ. 


+ Memoires ſur les parties ſenfibles, tom. iv. &c. p. 128. 7 


+ Edinburgh Phyſical eſſays, vol. 2. art. xx. 
d Iinpet. faciens Hippocrat dict. F. 434.435. & 436. 


I. Edinburgh Medical eſſays, vol. v. part. 2. art. xii... 


their pulſe remarkably flower than uſual, 
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ſoon renders the motion of the heart re- 
markably low. in dogs and frogs, and at 
laſt puts a final-ſtop to it. Mhence it ap- 
pears that opium, Which leſſens or deſtroys 
the power of feeling in animals, alſo leſſens 
or deſtroys the motion of the heart, as 
well as that of the other organs. M. de 
Haller's experiments, from which he has 
concluded that ꝙpium does not, affect the 
moving power of the heart, really prove 
no ſuch thing; they only inform us that 
three fro gs were opened after having ſwal 
lowed opium, and that the heart continued 
to move after the motion of the inteſtines 
had ceaſed *, But as it is not ſaid, how 
long the opium had remained in the ſtomach 
of theſe animals before they were, opened, 
nor what proportion the heart's motion 
bore to its uſual quickneſs, we can draw 
no certain concluſion from theſe experi- 
ments, except that al received into the 
ſtomach 


* Memeires ſur Ia nature irritable, tom. L. exp. 528, 
529. 531. Since M. de Haller has added, that when 
the motion of the heart failed, it was renewed by „i- 
uli, it is not to be doubted that the opium had affected 
it conſiderably; becauſe the heart of a frog, which has 
got no api, continues to beat for man) . 
its thorax is laid open. 


* 
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mch of frogs, deſtroys the motion of 
the inteſtines ſooner than that of the heart. 
In my experiments, altho' im forced in- 
to the ſtomach and inteſtines of frogs in- 
tirely deſtroyed the power of the muſcles 
of voluntary motion in about half an hour, 
pet the heart continued to move à con- 
fiderable time after this, but with 4 
flowneſs and feeming languor & This a 
organ, therefore, is not exempted from the de 
power of opium, althoꝰ it is not fo. r a. p. 
fetted by it as the other muſcles. 
* "SINCE it is acknowledged on n hangs * 
chat opium deſtroys the irritability of the: 5 
| inteſtines and other muſcles, as well as their (| <4 
ſenſibility; its affecting the heart more || rv 
 fDowly muſt be owing, either to the opium | © 
e applied fo near to > it þ, or to this || 


ſh organ th. 


eee e pP. ie 4 
and Edinb. Phyſical r vol. 2. p. 281. and 282, 


G ry 


+ When'a frog, whoſe Hbords and abdomen were o- on 
pened, was laid in a ſolution of plum in water, che r 
| voluntary muſcles were deprived of their irritability in 
ten or twelve minutes, and the heart's motion ceaſed wh 

in twenty minutes. Whereas, when the ſolution of 
Siem was injeched into the Romarh' and inteſtines of wn 
| -- another thi 


organ being endowed with a ſtronger 
power of motion; for it is by no means 


probable, that the irritability of the heart 


depends on a cauſe quite EEE frei. | 
dannen ram roo 5014 
Object. 


another frog, its heart continued after an hour and 
ſeven minutes to move at the rate of ſeven times in a 
minute, 3. e. about eight or nine times ſlower than it 
does in a natural ſtate. Vid. 15 _ r e 
p>282, and 291. &1 

But that opium, when applied to the bear itſelf des 
ſtroys its power of motion as ſoon as that of the other 
muſcles, appears from the following experiment of 
Dr Al. Monro junior. The Doctor having laid bare | 
the beart, and then injedted into a large vein which 


runs along the under and middle part of the abdomen 


on the outer ſide of the peritonaum in frogs, a few 
drops of a ſolution of op;um.in water, viz. twelve drops 
into two frogs, and fix drops into a third ; he obſerved, 
that as ſoon as the ſolution had reached 4 heart, that 
organ was rendered incapable of expelling its contents, 
and, in leſs than one minute after chis, became To en- 
tirely paralytic- as not to make the leaſt contraction, 
on the ſtrongeſt irritation, whether errhban its outer 
or inner ſurface. 

This experiment of Dr {EN while it confirms 
what 1 had advanced.concerning the effect of apium in 
deſtroying the moving power of the heart, is intirely 
ſubverſive both of M. de Haller's experiments, and of | 
Us conelu ſions he = drawn from ew... 
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© Objett. 5. Da Warr; by ſhewing that 
e motion of the heart in frogs continues 
after the deſtruction of the brain and ſpi- 
nal marrow, has proved againſt "himſelf 
that the irritability; of the heart is equally 
independent of the nerves and of ſenfibi- 


. 45 


x Anſwer. Tux motions produced by, irri- 
tating the ſpinal marrow ſhew that it re- 
tains its power over the muſcles after the 
loſs of the brain: And the convulſions pro- 
duced by irritating the crural nerve of a 


frog after it is ſeparated from the body, 
prove that the nerves continue to preſerve 
their power of putting the muſcles in mo- 


tion, after their communication with the 
brain and ſpinal marrow is quite cut off. 
Wherefore the continuance of the motion 
of the heart in frogs, is no proof that the 
moving power of this muſcle does not de- 
pend on its „nge _ wee on 
its 5 ſenſibility ; 


8 en 
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it Fon rn that the motion of the heart 
s is not independent on the brain and ſpinal 
i- | marrow, evidently appears from ſome ex-: 
If periments lately made by Dr A. Monro junio 
Y | who has obſerved, that as ſoon as theſe 
parts are deſtroyed; the moving power ak: - 

the heart becomes ſo weak, that it is unable 

to carry on the cireulativn in the veſſels 
i- of the hind-legs; notwithſtanding that, 
immediately after the deſtruction "of the 
e brain and ſpinal marrow, the motion of 
the heart becomes, for a little time, Ne 
a2 than uſual. ee 3-089 
Ys Ir is obſervable, that as thoſe ann 
e || whoſe blood is almoſt as cold as the medium. 
0 | ſurrounding them, live à conſi derable time 
ie after the loſs of their heart, fo their nerves 
f. | preſerve their powers much longer, after 
n the deſtruction of the brain and ug, « 
e | marrow, than the nerves in men and other 
& 8 animals, whoſe life ceaſes, when the Grcu- 
n lation of the blood is floßt, and Whoſe 
| nerves ſoon loſe all their powers, after they 
„are l O_o their Cm; 1 

A e 
ohen 6. Ws opium is givens: in an 
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every diſeaſe, 


4 
be, ” 
7 * 
i 
| 
6 
* 
* 


und 129. 


immogerate doſe; ſo as to kill animals, it 
muſt, like other poiſons weaken all the 
powers. of life; and therefore muſt render 
Area flower Wen dest. 

5 #83 35: 


5 


auen 3 poilon fo 
ch prove mortal, deſtroy 
the moving power of the heart at laſt; yet 


by a 


moſt poiſons and diſeaſes, render the pulſe 
quicker in men than it is naturally, till 
uſt about the time of death, or a very lit- 


tle before it, when the patient becomes in 
a greater meaſure inſenſible, and all the 
Powers of life begin to ceaſe; and M. de 
Haller, himſelf has remarked that poiſons 


almoſt always increaſe the periſtaltic mo- 
tion of the inteſtines in animals f. A 
horſe who was killed in three days by re- 

5 peated doſes of laurel-water, a little before 


His death, had a pulſe which beat at the 
rate. of 103 in A minute, i. e. three times 
quicker than it, had done when the animal 


Was in health f. A . 22 inches high, 


: NS ES 


— 


72 ae hs les Haran fenſbles, hom. iv. p. 128. 
> =P Manner: for la 3 <2 ipritable, torn, 1, p. 339. 
ie; Langriſh' s Phyſical experiments, p. 72. 
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diſſolved two grains of iu. In a minute 


Of Erb, hp 


by reallowing for above four months, Me | 
powder of green laurel/ leaves had his | 
pulſe, before he died, raiſed from 84, its | 
natural quickneſs, to 157 ſtrokes in a mi- 1 
nute *. Opium, on the contrary,” given i in 
a great doſe, foon renders the pulſe much - 
{lower in dogs/and frogs; and this ones 
gradually increaſes till che motion * | 12 
heart ceaſes altogether: | 3432 30 hau 

Bur the following experiments whith 1 
made lately, will demonſtrate beyond doubt 
that opium renders the motion of the heart * 
lows than other ene, i PI. 


— p 


* F , . . 2 \ . 
: * p 34 14 5 


60 en laid open the Wa and 
abdomen of a frog, I poured into the abde- 
men à tea ſpoonful of water in which I had 


and a half, the pulſations of chis animal's 
heart were reduced from 54 to 26 ina mi- 
nute. After five minutes the heart beat 
only 18, and after twenty rer oy 
ten times in a minute. $40 1 L 
A hour after the ſolution of wi was 
applied to the viſcera of the abdomen, the 
heart wan only between fix and ſcveny 
6 A i very 


. Toni 8 Phyſical erperiments, p. 95. and 103. 


28 , trritabiliy. 


very feeble pulſations in a minute, and in 
leſs than 1 15 me after thas its motion 
cealed Worten 


FX YI 


0 7 ROSH lia 9818 9 God, I 
| poured into its abdomen a tea ſpoonful of 
Water, in which I had diſſolved three grains 
F of corrofive mercury. In five minutes, the 
[ pulſations of the heart were reduced from 
54 to 46 in a minute. After ten minutes 
| the heart beat 33, and after twenty mis 
nutes 18 times in a minute; but its oon 
tractions were extremely feeble. 


+4 


. the anunal Oey to be quite W 


: 


into its 2bdamen a tea ſpoonful of malt ſpi- 
rits neatlyſof the ſame ſtrength with com- 
mon, French brandy. In a minute and a 
half, the pulſations of the heart were re- 


ter. 
= '. 421 bad formerly obſerved the —— of frogs to 
be at about 60 times in a minute, when their thorax 


"2&0 ral} 4645 ree 
4 4 6 99 * 1 8 + . 
| [4 ' 
| % 


Ix leſs than half an hour from the ka 
_ plication of the ſolution of the corrofive 
mercury, the motion of the heart ceaſed, 


Wt ©; I hid pen A | third 88 and 8 | 


duce from, 54 to 32 in a minute * Af. 


Vas es, I ſuſpeRt its flower motion in the above 


1 eas an”. 
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ter five minutes the heart beat. 50, ad af- 5 


ter eleven minutes 41 times in a minute. 
Fifty minutes after the malt ſpirits were 


applied to the viſcera of the abdomen, the 


auricle and heart made 34 very feeble con- 
tractions in a minute. In ten minutes 


more, the animal was become altogether 1 


inſenſible, and made no motion when its 
muſcles were pricked or torn ; but the au-- 
ricle continued to beat 33 times in a mi- 
nute, and the heart made nearly the ſame 
number of extremely feeble and . 
plets conjrations.. di 7 


K 0 
- k . : - I * 
. 
"A * 
* 


$a Was is obſervable, that the heart of this: 


frog was much paler than that of the frog. 


to which the opium was applied, nor was. 


there any blood collected in its auricle. See 


Eſſay on the vital mations, p. 37 f. and 372. 4 


alſo Edinburgh Phyſical Hays, vol. 5 p. 282 2 
286. 290. and 216.5 


A $729 IF; N. 
War- an apoplexy/; occaliotied! by 
Aa 3 - ſpirit 


three frog might be owing to their having been kept 
ia the houſe five days before making theſe experiments: 


perhaps alſo the hearts of frogs beat ſlower towards 
the end of Auguſt than in June or July, pes Wy 
former experiments were molly made. 


4 * 


hn ES as, Mb 
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(pit of wine kills animals without quick 


- ening their pulſe before death, as M. de" 
Haller ſeems to inſinuate *, I fhall not ſay; 


but 1 know certainly, that in other apo- 


plexies the pulſe, though at firſt flow, be- 


comes, almoſt always, confiderably quick 
before the patient” s death. I have ſeen it 
riſe from 60 or 65 to * I ID, beats 1 in a 
minute. | 
I have obſerved the hai of-a frog RIFE. 
ving 20 times in a minute, near two hours 
ale the deſtruction of its brain and ſpinal - 
marrow; whereas, in little more than an | 


hour after injecting opium into the ſtomach - 


and inteſtines of another frog, the heart 
beat only ſeven times in a minute , When 


epium is given in ſuch quantity to frogs as 
not to kill them, their pulſe is rendered 


by. It - remarkably flow for many hours; 


but afterwards, when the effects of this 
poiſon begin to abate, the pulſe gradually 


xeturns to its natural quickneſs, the inte- 
ſtines recover their re motion i, and 


the 


" 
eb *=z 4 * 
_ wn 4k 23 * Corn * ö > 


a ? v -Memotres 55 les A Klüh, tom. . 129. 


F Edinburgh e. . vol ii. p. 382. V 


and 284% "GE 
t vid. Memoirs. for la. nature ul, tom. * 


exp. kt 
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the 6ther parts of the body. regain: cheir bs 


ſenſibility and moving power. 
_Urox- the Whole, we may conclude; 


that the remarkably flow. pulſe of thoſe  _ 


animals which are killed by opium, is ows - 
ing to the peculiar virtue which this ſab-- 
ſtance has of weakening or deſtroying the 
moving power of the heart, as well as the 
ſenſibility and irritability of all the 8 
parts of the bod. 

Bur this matter is put bend all doubt, | 
by two experiments Dr Bard of New-Tort- 
made upon himſelf, which he Has: publiſh: . 
ed in his Theſis, ſummer 1765. 1 11 

Arx ſeven in the morning he took 11 £ 
grains of opium, his pulſe then beat 71 in, 
a minute, at eight it beat 69; at 82 it beat 
67; at 8g it beat 66; at 84 it beat 64; at 9 


1 645 at 923 after brenkfüſt, it beat 


66; at 10 it beat 653 at 10. it beat 61; at 
11 it beat 60; at 112 it beat 59; at 12 it 
beat 57; and this was the loweſt to which. 
his pulſe ever fell. 

HE made another exportiſiie by taking . 
1: grains of oprum, which he divided inte 
6x. 2 At 74 7 in x the 0 he too 


one , 
* * 


284 J Hritability. 
one of theſe parts, and his pulſe was 70 


at 8 he took another, his pulſe 70; at 83 
be took a third, his pulſe 70; at 92, after 


breakfaſt, he took a fourth, and his pulſe 
was 75; at 1o he took a fifth, and his pulſe 
76; at 104. he took the ſixth, his pulſe was 
71; at 11 it was 66; at 114 it was 64; at 
12 it was 64; at 12 it was 63; at 1 it 


was 63; at 2, it was 62 ;-and this was the 


loweſt to which his pulſe ever fell. 
-Objedt. 75 Gin may, perhars. by its viſe 


qolity alone, put a ſtop to the motion of - 


_ heart mechanically . 


Anſwer. Tnar a ſcruple of opium, Which 
has been known to kill a full grown wo- 
man }, ſhould render the whole maſs of 
blood ſo viſcid, as to put a ſtop mechani- 
cally to the motion of the heart, is a ſup- 


poſition that needs not be refuted... What 
becomes of this mortal viſcoſity of opium, 


when it is ſwallowed daily to the quantity 
of two or three, nay even ten drachms, 
cel thoſe who have. been long accuſtomed 


to 
9. n Ke ler partie tether 0 &e, tom. ir. 


P- 129. and 130. 
oy hk Medical. ys, yol, v. art. xii, bea. ul. 


T 
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to it? Alok the nerves, by long uſe, 
may ſuffer leſs, from the action of opium, 
yet no cuſtom could prevent the blood 


from being rendered n e 
viſcid by it. . | | 


Object 8. To aſſert that opium kills Fs | 
more quickly when they are intire, than 
When they are deprived of the brain and 
ſpinal marrow, is a paradox, which would 
ſcarcely be rendered probable by the greats | 
< number of UNE”: AY; 1 9 


err Many n remingly 3 zmpro- 
bable have been proved to be true. Thoſe 
experiments which I have related were 
made with care; and ho one has yet pre- 
tended to ſay that he has repeated them, 
and found the event different. But if N. 
de Haller had allowed himſelf to conſider 
this matter more coolly, he would have 
ſeen no inexplicable paradox here; for if 
optum produces its effects by acting on the 
extremities of the nerves which it touches, | 
and if the nerves have no communication 

W g AT but ee te mediation. 

© Memoires oaths ler partie 2 ke. tom. iv 
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of the brakd and ſpinal marrow, it muſt 
neceſſarily follow, that opium applied to the 
abdominal muſcles of a frog deprived of 
the brain and ſpinal marrow, can have lit 
tle or no influence on its heart &; and there- 
fore will not kill it 8 Ort as if the ani- 
mal had been entire. 33 


Obi. 9. Dn Wu LIT 8 experiments 
with opium on frogs, have been proved to 
be fundamentally erroneous by Fontana, who 
"i wn that opium applied externally, 

its ſolution in water applied to the 
nerves, ves not, in ond EOS wy 
— $26.5 * 4 that 
in bie caſe the . can, in no a; af- - 
tec che heart or its neryes, except in ſo far as ſome of 


its, finer parts are abſorbed by the bibulous veins, of 
| e abdominal muſcles, and carried along with the 
blood to that organ: (a) And as Pr 41. Monro junior 
has found by experiments that the moving power of 
the heart and action of the veſſals is ſo; weakened; in 
frogs, by the deſtruction of the brain and ſpinal mar- 
row, that the circulation in many of the ſmall veſſels 
either ceaſes altogether, or goes an very languidly, it 
muſt follow, that the finer parts of the opium wilt be 


very flowly abſorbed; and conſequently: can have but 


little influence in deſtroying that power of motion 

which remains in the heart aſter De brain and ſpinal 

- marrow are deſtroyed; _ ,, 5A; 
(a) See nne, vol. 3. p. 303. and 0% | 


* 


”__ _ / OP > 


, Irritabilig. uy 


that power whereby they make even the 
dude of voluntary motion contract * 


Anſwer, M. FoxTans' 8 experiments are 


not more contradictory to mine, than to 


thoſe of M. de Haller, which ſhew that opium 
deſtroys the ſenſibility of the nerves, and 


the irritability of all the muſcles except 
the heart f. The truth is, that when they 


are fairly repreſented, they are not directiy 


repugnant to either. M. Fontana does not 


ſay, that opium, applied externally to frogs, 


has no effect in deſtroying the power of 
the nerves |. He only tells us, that a ſo- 


lution 


Z1 


WT: dana PIG 1 partig ffi 8 be. tom. iv. 


p. 130. and 131. 


+ Vid, Memoires far les erties 77 tom. 1. 
p. 237. & 339. Opium ſupprime cette facults det nerf; 


par laguelle ils excitent du mouvement dans les muſcles, 


| There is nothing more certain than that a ſolu- 
tion of opium.in water, applied externally, kills frogs; 


I -ſhall therefore content. wyſelf, with mentioning; the 


following experiment, which is altogether. deciſive of 
this, matter. Dr Al. Monro junior, having applied to 
the belly and bind legs of a frog ſome lint moiſtened 
wich about a hundred drops of a ſolution of op;um in 
water; ; in leſs than three hours, the animal was con- 


"ul and unable 05 vs its 5 1 7 out of ms place 
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lution of -opaum in water. applied to the 
bared trunk of the crural nerves of frogs 
did not, in any, degree, deſtroy their 
power *; but he does not alledge that o- 
Pium applied to. the ſtomach, inteſtines, or 
other parts where the nerves terminate, 
has no ſuch effect. M. Fontana's experi- 

ments, therefore, prove nothing, except 
that opium does not deſtroy the power of 
the NETVES,, when it is applied to their 
- trunks, in the ſame manner that it does, 
when it touches their extremities; a fact 
that will ſcarcely be doubted of by any 
one who conſiders, that in the former caſe, 
the medullary ſubſtance of the nerves is 
defended: by their coats Which are in a 


great meaſure inen f. 
| AC tuo? | 
: * it lay, and after five hours was quite dead; for 


although the lint was remoyed and the ſkin waſhed, it 
| Gt not recover, 


' ® Membires fur les parties ſenſiblet, Kc. tom. ili. 7. 211. 
+ M. Fontana, found that although ſpirit of wine 
achiroyed the power of the nerves in that part which it 
tonched, yet, when theſe nerves were irritated a little 
below this, the muſcles contracted as uſval (a). The 
ſame thing is true of a ligature and of a red hot i iron, 
oil of vitro), or other acrid ſubſtances, whoſe action is 
totally different from that of opium, which affects flot 

only the nerves it touches, but the whole ſyſtem. 

1 75 "oy N wa les Parties Ry ſows lit. p. 46%. 
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- ALTHouGn M. Fans 8 experiment 
are neither of that nature, nor related with 
that preciſion, which would be neceſlary 
to determine the operation of oprum, yet 
he has inferred from them, that op:um does 

not produce its effects on animals, except 

it be introduced into the blood; and that, 
when it is carried to the muſcles, it changes 
the nature of their fibres, or of their glue, 
which, he thinks, is probably the ſeat of 
: irritability. This conclufion is not only 
contrary to what the beſt writers have 

taught concerning the action of opium , 
but is utterly inconſiſtent with ſeveral ex- 

periments, that are altogether deciſive as 
to this matter, and which M. Fontana ſeems 

to have been unacquainted with. Thus 
che paralytic weakneſs brought on a dogs q 
e 4 + hinder | 


* See Jones's Myſteries of opium. ; Mead's Treatiſe on 1 
poiſons; Alton in the Edinburgh Medical eſſays, vol. c-. 
part. 1. article xi; X Bderhaave Inpet faclen || 
Hlippocrat. dict. 434 —438.; and the Baron Vun 
Sabieten's Comment. in Boer baav. Aphor. 229. No. 2. 
More authors might be mentioned; but theſe are fully 
| ſufficient to balance the authority of Tra/les, who, 
though greatly extolled by: M. de Haller, ſeems to 


have erred not a little in his aceount of the action of 
iu 5 auimals. eee een eee e 


5 
y 
» 4 | 


by 


3 
' 


1 . 


23 


% - £ 
* .* 


2 %/ 
biuinder legs, in a minute after injectipg 2 
ſolution of opium into his inteſtines, and 
almoſt inſtantaneouſly after it was thrown 


into the cavity of the abdomen, cannot poſ- 
_  Hbly be owing to the finer parts of the o- 


Pium entering the blood, and changing 
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the 


nature of the muſcular glue. Further, | 
frogs, which live above two hours and 3; 
half after being deprived of their heart, 
are killed in half an hour after the loſs of 

that organ, by injecting a ſolution of opium 
in water into their ſtomach and inteſtines - 
although in this caſe, the opium could nei- 
ther enter the blood nor be carried by it to 
the muſcles; while, on the other hand, - 
prum has very little effect in haſtening the 
death of thoſe frogs which have been de- 
prived of their brain and ſpinal marrow. 
As far as we can judge from experi- 
ments, opium acts either on the extremities 


olf the nerves to which it is firſt applied, in 


which way it ſeems to produce its ſpeedieſt 
effects, or by being carried, by the abſorb- 


* 


ent veins, into the blood, where it affects 
be nerves of the whole vaſcular ſyſtem. _ 


But 


9 Edinburgh Phyſical eſſays, vel. il. p. 281; + ug 
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in a great meaſure, in men, by the time it 


may be ſuppoſed to have got all out of the 

ſtomach and inteſtines, and to have made 

its way into the blood, we may conclude, © 
that the chief action of this ſubſtance in 

diem, is on the nerves. of the anne and 7 


x mteſtines, to which it is firſt r 


VII. I am here eli ed to condi . 
M. de Haller's notion of irritability as an 

active property of the glutinous matter 
which partly compoſes the muſcles; but as 
he has advanced nothing new n ſupport ß 


this doctrine *, I ſhall only obſerve, that 


ſince it has been proved that the moving 
power of the muſcles depends upon their 
nerves, we are under no neceſſity of aſcri 
bing this power either to their glutinous 

or earthy part. The tendons and ligaments, 


which abound much more in glue than 


the muſcles, are not irritable; and the 


greater irritability of young animals, is 


Adoubtleſs owing to their greater ſenſibili- . 


555 which is alſo the cauſe of their being 
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9 7 id. Mewidlrel fur tes 8 {fits e. tom. 
ir. p. 123; and 124. * : 


» 


We... 
But at the effects of opium generally ceaſe, 


1 THER * 's | 


I 1 afoRted by opium. Women 
of the moſt delicate frame have often thin- 
47 ner blood and leſs, or at leaſt not more glue 
1 * their ſolid parts, than ſtrong men whoſe 
"muſcles are not liable to be affected with 
convulſions from flight cauſes; and it is 
- demonſtrable, that thoſe aber mo- 
tions which proceed from the irritation of 


A diſtant part, are owing ſolely to the ſym- 
pathy of the nerves. 


Strange certainly it is, to find men of 
learning and abilities, miſled by a few ill- | 
underſtood experiments, and truſting to 
metaphyſical notions, uſing every art to 
prove, that the irritable power of the mu- 
cles does not depend on their nerves, and 
- aſcribing it to a ſubſtanc the moſt unlike- 
I ty to be poſſeſſed of it; a ſubſtance which, 
Adevoid of active powers, appears remark- 
A ably inert, and is not endowed even with 
elaſticity in ſo remarkable a degree as 
_ glaſs, fine wool, hair, ad many other ſub- . 
EO Kances „ 
| * 1 8 Anp 
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When M. de Haller ſays that even the glue of ani- 
mals ſeparated from them, ſhews as it were the remains 
. Se As __ it bantradts yo after being 
Rm | drawn 


+ 0 
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that M. 4 Halloe' em failed in . FR Ws 
fupport of his own theory, and in the a- 


guments he has brought to confute what ! 7 
had advanced concerning the nature of ir» 


ritability. Nor can I help thinking it a 


ſtrong preſumption againſt my learned ad- ; 


verſary's opinion, that fo able a writer has 


argued ſo inconcluſively in its defence; for _ 
to expreſs myſelf in the words of the Poet, 8 


—— Si Pergama dextra | | 
- Defend: poſent, etiam hac defenſa fuiſſnt. W 


1 ſhall only add, that if there ſhould be 


found a few phenomena which, at firſt ſight, * - 
do not appear ſo favourable to the dodtrine 


of irritability as depending upon the 
nerves, and being connected with ſenſibi- 
lity, this would be far from being a ſuffi => 


_ cient reaſon for rejecting an opinion, which ; ; 


BD 3 is 


drawn out (a), he miſtakes elaſticity for the remains of 
irritability ; and has forgot that the glue got by boil - 
ing the ligaments and ſkin is ſtronger, and poſſeſſed of 

this elaſtic power in as great, "OO OY row: vr 


that which the muſcles afford. 


(s) Memuires ſur les parties ſenſible, c. tom - iv. P. 134. 5 
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| 5 ſupported by ſuch a chain of argument, 
and agrees ſo well wigh the various phene- 
by. 2 ene of the animal frame. There are few 
unded theories in na · 
1 "7 n or phyfic, which are not 
able to* difficulties and objections, that, 


a 
8 8 


be "Fometimes; cannot be * removed. At 
© preſent, the greateſt f philoſophers have on- 
951 acceſs, as it were, to the furface of 
things, without being able to prneate in- 3 


5 to many of the myſteries of nature, 
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